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FOREWORD 


This volume is one tangible product of an interesting experiment in edu- 
cation Other products, tangible and intangible, are materializing and 
will continue to do so over the years 

The problem of the production of scientific men m greater numbers 
and of a higher quality is a matter of great concern to leaders in educa- 
tion Although the need is more spectacular in the physical sciences, it 
is no less pressing in the social sciences Social scientists who have been 
studying the problem of increasing output in the social sciences have 
noted an unfortunate trend m the scientific careers of young people They 
have seen that the rise m the cost of living during this period has left 
the college and university instructors in an increasingly unfavorable 
financial position The consequence m many instances has been that the 
long vacations which academic people had been accustomed to devote 
to research training and study must now be spent in supplementing aca- 
demic salaries through teaching in academic summer sessions or other 
routine gainful employment The situation of the serious minded scholar 
is well described in the following words of one of them 

The routine responsibilities and pressures of the academic year leave far too 
little time for the sort of leisurely, contemplative, intellectual activity which 
was once so much more a part of the academic life than it is today and it is not 
a question of “time to think ” Even when one finds a little time, the whole prob- 
lem of shifting gears from class work, thesis conferences, administrative responsi 
bihties, yes, even laboratory work on one's own experimental program, makes 
good thinking difficult The whole atmosphere and frame of mind is too permeated 
by the intrusions of these other things, so the teacher often feels mentally tired, 
or irritable, or in need of Eome thoroughly avocational activity when the daily 
tasks are finished 

The writer has heard numerous discussions among fellow members 
of the Social Science Research Council who were searching for some 
feasible program through which promising young social scientists could 
be given freedom for study and research during summer vacations while 
receiving the equivalent of their teaching or other salaries He happened 
also to know about a group of young psychologists who were engaged 
m research upon the theory of learning and who at considerable financial 
sacrifice to thenweh cs had been meeting during two summers for periods 
of group discussion of their common problems These men were muted 
to submit a proposal for a summer “seminar," the proposal to comprise 
a detailed statement of organization, purpose, procedure, membership, 
together with a budget cohering all expenses of tra^l and maintenance in 
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addition to the equivalent for each participant of the usual academic 
stipend for summer teaching 

A concise and informative prospectus of such a program was prepared 
by the group and submitted m the fall of 1919 by the Social Science Re- 
search Council to the Carnegie Corporation of New York, which provided 
funds for the “seminar” to be conducted under the general sponsorship 
of the Council 

Dartmouth College through Dean Donald M Morrison generously 
offered the facilities of its campus for the experiment, including offices, 
meeting rooms, and most excellent library services The physical condi- 
tions on this cool, quiet campus were nearly ideal for such a project 
The vital part played by the college is most clearly seen in the spontane- 
ous adoption of the name, “Dartmouth group” and “Dartmouth book 
on theory ” The financial arrangements gave to each person the equiva- 
lent of a summer session salary, plus travel and other incidental expenses 
In the prospectus it was proposed that a group of psychologists meet 
with the purpose of discussing the status and current problems of learn- 
ing theory. 

Such a conference would be the first of its kind Customarily, work such as 
that envisaged is found only in university seminars guided by individual teachers 
or theorists This plan is very different, it proposes that a conference of theorists, 
assembled from different universities, meet together and attack theoretical prob- 
lems through cooperative effort The field of learning seems an appropriate one 
to attack because of its central importance ra behavioral science , because learn- 
ing is a field ra which theie is an accumulation of soundly established experi- 
mental information, because attempts at the theoretical organization of basic 
data have been prominent so that particular formulations are most open to ex- 
amination, and finally it was the common interest of the group in which the 
seminar idea originated 

The “seminar” consisted of seven men, all young and of approximately 
the same age, academic rank, and prestige Their attitudes toward science 
m general and toward psychology in particular were sufficiently uni- 
form to furnish a common basis for group discussion It was presumed 
that they were reasonably free from preconceived alliances and were 
not partisans or spokesmen for any one theory or theorist Undoubtedly 
there were differences among them in academic background and research 
interest and there were undoubtedly some individual preferences for 
one theory or another But the uniformity of aim and interests underlying 
the di\ crsities had much to do with the success of the conference 
The *c\cn members were William K Estes, Indiana University, 
Sigmund Koch, Duke University, Kenneth MacCorquodale, University 
of Minnesota, Paul E Meehl, University of Minnesota, Conrad G 
Mueller, Jr, Columbia University, William N Schocnfeld, Columbia 
University, and dlmm S Vcrplanck, Harvard University 
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There were m addition three assistants with graduate training in psy- 
chology who gave invaluable help during the summer, namely, Frances 
Clayton, John Courtney, and Paul Hutt 
It was obviously impossible to cover the whole range of learning theory 
except in a most superficial fashion, so that the problem of selecting 
theories for examination had to be met at the outset Five theories were 
finally chosen which seemed to occupy a dominant position in the field 
of learning theory in terms of their popularity, their contemporaneous- 
ness, and their influence upon current writing and research These were 
the theories of Clark L Hull, Edward C Tolman, Burrhus F Skinner, 
Kurt Lewin, and Edwin R Guthrie A different set of five theories might 
have been selected on the basis of other criteria such as correctness or 
completeness What part special prejudices and preferences of the mem- 
bers of the group may have had to do with the final choice of theories 
is not easy to determine Whatever the basis for selection, the outcome 
would seem to indicate that the choice was a fortunate one 
The success of any conference depends to a great extent upon the 
preliminary work that is done in preparation for it, and this seminar 
is no exception The group had met in the winter of 1949 m order to 
prepare plans and to consider possible procedures It was decided that 
each member should come to the conference with two or more "papers” 
sufficiently well prepared to present for informal discussion This was a 
fortunate provision inasmuch as it gave some immediate direction to 
the deliberation, while it in no way hampered the freedom to speak or 
to bring up other questions Furthermore, each member or pair of con- 
ferees accepted the primary responsibility for analysis and final report 
on one of the theories Such a division of labor was a most flexible one, 
however, and was not intended to interfere with the range of participa- 
tion of any member in the discussion 
It might be supposed that there would crystallize out from such a 
critical and unbiased analysis of theories and the experimental evidence 
on which they rest, some one basic theory of the learning process which 
all reasonable persons could accept If there were any such expectations 
among the members of the group they were soon dissipated Each theory 
appeared to exist within its own closed system and to defy direct com- 
parison and the pooling of data Concepts, techniques, apparatus, units 
of measurement, and definition of terms were peculiar to a given theory 
and could not safely be lifted out of their own frame of reference Each 
theory, then, had to be examined and analyzed separately for internal 
consistency and the degree to which it satisfied the logic of science 
For this reason, if for no other, it would have been too much to expect 
that there would emerge a final and unified report on learning theory, 
resembling a unanimous supreme court decision or even a majontj 
opinion It seemed proper, therefore, that the reports on each of the 
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theories as they appear here should be signed by the persons who pre- 
pared them and each author would assume sole responsibility for his 
work even though each report was the outcome of some weeks of joint 
deliberation during the seminar, supplemented by extensive exchanges 
of comment among members of the group in the interval between the 
se mi nar and the completion of the manuscript for publication. 

No attempt was made to obtain uniformity among the final written 
reports of the different theories. Beyond the general framework set up 
for the analysis of the theories, and certain agreed specifications for 
citation of references, contributors were free to write and arrange their 
material as they chose. After careful consideration of all the factors in- 
volved it was decided to allow for each report its own set of references 
immediately following the report, in spite of the repetition of certain 
references which this procedure entailed. 

It should be clearly understood that it was not the main purpose of 
the project to produce a book on learning theory, although it was the 
expectation of the group that results of the summer’s work would be 
published in some form. The program was directed toward providing 
promising young investigators with the time and opportunity for ad- 
vancing their interest and ability in research. Only upon completion of 
the program was publication of a major report proposed. 

As there is no similar intensive treatment of learning theory available, 
it should be found useful wherever advanced courses in learning are 
given. There are other tangible by-products of this experiment. Most 
notable is the financial support and sponsorship by another foundation 
of several similar seminars in other fields of research. The intangible 
products may, however, become the most important ones if in any small 
degree they contribute to the progress of the social sciences. 

The authors wish to express their appreciation to the many persons 
and institutions who gave assistance in the course of their work, and 
particularly to Dartmouth College for serving as host; to Dr. Donald 
It. Young, Director of the Russell Sage Foundation, for his constructive 
criticism of the original proposal; to the Social Science Research Council 
for its encouragement and assistance during the course of its sponsorship; 
and to the Carnegie Corporation for its financial support. 

A. T. Poffenbeuger 
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INTRODUCTION 


The majob contributions of the outstanding theorists of our time have 
been made. Their offerings have set the framework of the larger part of 
our current theoretical literature, and have placed their stamp on the 
vigorous output of our experimental laboratories. Within their limits 
lie the controversies and issues that engage most of our theoretical at- 
tention. Yet, these theories are commonly said to have irreconcilable 
differences among them. The truth of this can be revealed only by a 
detailed analysis of their structure and content. 

The procedures we have adopted for our critical examination of con- 
temporary learning theory sought to make the best use of past experience 
as a basis for evaluation, and to draw some lessons for the further de- 
velopment of learning theory. We followed several avenues of approach 
to these goals. First, we asked what lines of attack have been employed 
by influential learning theorists in the past. Then, we attempted to de- 
termine the merits of these strategics as they have proved themselves in 
actual use. Finally, we looked for additional guides to theory construc- 
tion in the experience of the more advanced sciences. 

With this orientation, we proceeded ns empirically ns possible. Just 
as the learning theorist initiates his enterprise with observations of his 
subjects, we took our start from detailed consideration of the activities 
of theorists. And just as any empirical investigator, we were faced at 
the outset with the problem of sampling. The project had to be trimmed 
to manageable proportions, and we could not undertake any attempt to 
do justice to the work of all the individuals who arc actively contribu- 
ting to current learning theory. Believing that a cursory or superficial 
treatment of theoretical systems would be worse than none at all, we 
decided to limit ourselves to those that we could subject to a reasonably 
exhaustive analysis. Accordingly, we selected for study five theories which 
have seemed for the past two decades to occupy n prominent, even domi- 
nant, position in the field of learning: namely those developed by Clark 
L. Hull, Edward C. Tolman, Burrhus F. Skinner, Kurt Lewin, and Edwin 

P fliilTirif*. 
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may have exerted upon contemporary psychology. Certain difficulties 
arise, however, when one attempts to exhibit a theory in a not-merely- 
reportorical way. It is not enough simply to repeat the theorist’s words. 
We need to analyze what he said, and on occasion to reconstruct what 
he must have meant if he were to be consistent with himself. Now this 
is clearly a touchy business. One must draw the line between a deliberate 
knowledgeable reconstruction and unwitting additions, between recasting 
and supplementing a formulation, between necessary and possible in- 
ference, between actual and desirable interpretations. In all this, we 
have tried to be careful. We well knew how delicate was the balance we 
were striking, and how easily are prompted the charges of misrepresenta- 
tion and miscomprehension. We proceeded cautiously, sifting everything 
we could find of the men’s writings, and ignoring hearsay accounts. But 
we did not hesitate to take this approach since we were unanimous in 
feeling that unless we did so we would not be giving our theorists a com- 
plete hearing. Their work had to be fairly put before it could be fairly 
evaluated. 

We have attempted to make progress toward several objectives: 

(1) Evaluation of the impression held by many psychologists that 
there are a number of competing theories in the area of learning. Here we 
are using the term theory, in accordance with general understanding 
among scientists, to denote a conceptual apparatus mediating scientific 
explanation and prediction in an empirical area. 

(2) Appraisal of the different theories, or of the different programs for 
theory construction, with respect to their fruitfulness in generating re- 
search. A number of individuals — for example, Tolman and Lewin — have 
attempted comprehensive formulations of broad areas of psychology, 
laying down the pretheoretical framework or attitudes which were to 
guide their theory construction, adopting a characterization of the sub- 
ject matter of their theories, identifying the kind of empirical data to 
be sought, and exhibiting the kinds of theoretical concepts and principles 
which they believe to be required in the area. While it was necessary 
to consider the influence of some of these programs upon the current 
status of the science of learning, it was equally important, we felt, to 
distinguish a program from a theory in the more technical sense. 

(3) Possible location, within the theoretical systems under considera- 
tion, of limited theories which have been formalized to the extent of 
being testable and which may provide material for the synthesis of more 
comprehensive theories. 

(4) The illustration of a somewhat more intensive analysis of theoreti- 
cal materials than has been customary in psychology. The exploitation 
of whatever is of value in the theory’ of the past requires that the analysis 
of theory be approached with the same discipline as the construction of 
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theorj' Only when practiced at such a level can theoretical analysis pro- 
vide the clues needed for continuing theoretical progress 
We have not fully accomplished our desire to clarify differences among 
current theories and to abstract features which they hold in common 
But our wish to do so, and the little we did achieve on this score must 
not be taken as implying that we feel any of the existing lines of attack 
upon problems of learning should be scrapped On the one hand, we ap- 
preciate the need for a common theoretical structure to facilitate the 
ordering and application of our knowledge of learning On the other, we 
recognize the complexity of the material which must be handled by a 
behavior theory Vigorous individual attempts at theory construction 
along a wide variety of fronts are probably not only desirable but neces- 
sary for continued progress m this area The present reviews reflect our 
belief that we may expect to learn as much from the errors and the 
failures of these attempts as from their successes 
In the following section, we indicate in outline form the "dimensions” 
along which we have evaluated our five selected theories The main 
aspects of theory included in this outline are those which we believe one 
must consider in examining a proposed theory and trying to make clear 
its structure and content This outline was collaboratively devised by us, 
and a common understanding of the vanous rubrics was arrived at in 
group discussion Because extant theories differ so widely in organization, 
the analytic outline has been used flexibly m preparing the critiques of 
the several theories Thus, where the nature of a theoretical system re- 
quired or recommended it, the topics of the outline were rearranged in 
sequence, or differentially emphasized, or refined still further Always, 
however, the outline was kept in mind during the course of an analysis 
so that the vanous treatments would be comparable on fundamental 
points The working outline is given below', along with examples of the 
types of questions a«kcd in connection with certain of the rubrics 


OUTLINE FOR REVIEWS OF THEORIES 

Structure of the Theory 
A Delineation of empmcal area 

1 Data language , . . „ , ,, 

Is the data language explicit and theoretical!} neutral! 

How docs the theorist relate his empirical rambles to the data lan- 
guage? 

2 Dependent and independent rambles .... 

How does the sclecUon ot rambles compare with thow ot other learn- 

ing theories? ... .. . . 

What influence does the choice ot rambles exert upon the form of 

the theory? 

3 Relation between empmcal arena corered and onentatire attitudes 

exhibited b> tbe theorist 
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B Theoretical concepts 

1 Primitive terms 

Are the primitive terms of the theory reducible to physical or object 
language? , _ 

Is the usage of primitive terms fixed by implicit or explicit aetmi- 
tions? 

2 Principal constructs 

Do these serve only a summarizing function or are they related by 
definition or by hypothesis to terms of other disciplines (e g , physi- 
ology) ? 

3 Relations assumed among constructs 

How are the major theoretical variables interrelated in the founda- 
tion assumptions of the theory 7 

How are such interrelations constructed from the observation base of 
the theory 7 

4 Relations assumed or derived between constructs and experimentally 

defined variables 

II Methodologic Characteristics 

A Standing of the theory on principal methodologic “dimensions ” 

1 Explicit axiomatization 

2 Quantitativeness 

3 Consistency and independence of pnncipal theoretical assumptions 

4 Use of physical or mathematical models 
B Techniques of derivation 

Are the empirical consequences of the theory developed by informal 
arguments or formal derivations? 

III Empirical Content and Adequacy 

A Range of data for which interpretation or explanation in terms of the 
theory has been claimed 
B Specificity of prediction demonstrated 
C Obvious failures to handle facts in the area III A 
D Tours-de force 

Has it been possible to predict new experimental phenomena? 

Have any predictions of this sort been confirmed 7 
Docs the theory account for facts not predictable from competing theories 
m the same area 7 

E Sensitivity to empirical evidence 
F Trogrammaticity 

G Special virtues or limitations, techniques which may prove useful out 
side the context of the specific theory 

The foregoing outline is undoubtedly somewhat arbitrary insofar ns 
the breakdown into dimensions or categories is concerned Despite the 
arbitrariness of the classification, however, wc bclic\c wide agreement 
would obtain among current writers in the logic of science that an ade- 
quate review of any scientific theory must include essentially the same 
features 

The rather formal and catcgoncal appearance of the outline should 
not be taken to mean that wc were preoccupied entirely with the mor- 
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phological aspects of the theories. Scientific theories are evaluated, not 
on some absolute scale of "theoryness," but with respect to what we ex- 
pect them to do. Some of the functions of a useful theory are: (1) clari- 
fying the description of the world possible in ordinary language, (2) 
summarizing existing knowledge, (3) mediating applications of our 
knowledge to new situations, (4) leading to fruitful lines of experimental 
inquiry. Even usefulness is not absolute; one can well ask, useful to 
whom, or useful for what? A theory which in one form is satisfactory 
for the purposes of a practitioner may not be useful in that form for a 
research scientist. Nor can we agree with the view, commonly advanced, 
that theories which account for the same set of known facts are identical 
except for a matter of taste in the choice of words; they may, in fact, be 
quite disparate as instruments for guiding further inquiry and develop- 
ing linkages with theories in related areas. 

Our primary concern in the present reviews is with the learning theory 
as it may function in the long-range development of a science of be- 
havior. Thus, our five selected theories are for their most part formula- 
tions which have grown out of experimental fact and which are actually 
influencing research upon problems of learning. If some of our reviews 
appear unduly harsh, it is simply because we feel that the strictest criti- 
cism of current formulations is necessary to facilitate further develop- 
ment. Since our purposes are entirely constructive, it is necessary to 
evaluate current theories against principles of theory construction as we 
understand them at present, not, as an historian would do, against the 
views of theory generally accepted at the time these theoretical formu- 
lations were initiated. We appreciate fully the position of the theorist 
who perforce works with the knowledge and methods available in his 
day, but who inevitably faces criticism arising from advances in knowl- 
edge and method that have resulted from his own efforts. With generous 
spirit, he hopes that his work will be a temporary stage in the develop- 
ment of more adequate theory. 


The Authors 
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Clark L. Hull 
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INTRODUCTION 

From 1929 until his death in 1952, Hull was ceaselessly dedicated to 
the construction of his theory of behavior The theory v,as developed m 
a tortuous, piecemeal way General hypotheses advanced m the early 
phase of the program were under continuous revision and extension, and, 
from time to time, major modifications or realignments of the emerging 
theoretical structure were put forward 

Three principal periods in the development of the theory may be 
ruccgfny aWraginsftea 1 Dtrnng tJhe interval 1 t&i$, key concepts were 
informally elaborated, and “miniature” formalizations of parts of the 
total projected theory were put forward The second period, 1943-1949, 
begins with the publication in Principles of Behavior (56) of the first 
“complete” postulate set tentatively believed adequate to the major 
phenomena of behavior, and ends with the distribution of a memorandum 
(62) setting forth a radical revision of the 1943 postulate set Finally, 
there is the brief terminal phase of Hull’s career, during which the 1949 
postulates were further revised, and published m the small 1951 volume, 
Bssenfials of Behavior (75) 

Published sources, at each stage of the development of the theory, 
tended to lag behind the actual status of Hull’s thinking Indeed, Hull 
informs us that the “most detailed record” of the growth of the theory 
may be found “scattered through twenty-five volumes of hand-written 
notebooks” which “began in October, 1915, and extend to the present 
time” (1951) (75, p 120) At all periods, published sources have repre- 
sented only a sample of the available materials compnsing the com- 
pleted portion of the theory Other sources include (1) the long senes 
1 
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of mimeographed seminar notes and “memoranda concerning behavior 
theory” (e.g., 46, 51, 57) which Hull sent to interested people in the 
profession, at sporadic intervals; (2) unpublished manuscripts circulated 
by Hull among students and associates; (3) pre-publication drafts of 
manuscripts which often contained materials not included in the pub- 
lished versions. It should be recorded here that, at the time of Hull’s 
death, the manuscript for an extended book concerned with “concrete 
deductions of the systematic details of individual (nonsocial) behavior” 
(70, p. 174) from the new theory, was nearing completion. 

All the above considerations complicate the problems faced by the 
analyst of Hullian theory. In order to facilitate meaningful treatment 
within manageable scope, the field of the present analysis has been 
circumscribed in a number of ways. 

1) The most influential form of the theory, in its effect on the psycho- 
logical public, has certainly been that contained in Principles of Be- 
havior. It is also the only formulation of a “complete” (i.e., “non-minia- 
ture”) Hullian postulate set put forward with sufficient indication of the 
inductive basis and general rationale of the main assumptions to permit 
detailed and determinate analysis. For these reasons, the pivot of any 
comprehensive examination of Hull’s theoretical effort must be the 
formulations of Principles of Behavior. Nevertheless, the postulate set 
of 1949, as later elaborated in the 1951 book, Essentials of Behavior, 
defines a set of assumptions so radically different from those of Principles 
of Behavior as to constitute an essentially new theory. Although there is 
reason to believe that the 1943 version of the system will remain a more 
influential formulation, no adequate evaluation of the consequences of 
Hull’s theoretical objectives and methods can be made without serious 
consideration of the later work. Indeed, insight into the full significance 
of the orienting commitments and methods which underlie the theory of 
Principles of Behavior, only becomes possible through the backward illu- 
mination cast by the 1949-1951 postulates. Thus, consideration of the 1943 
theory demands supplementation by analysis of the theory of 1949-1951, 
and we must accept the paradox of reporting on two theories in order to 
appreciate the significance of one of them. 

2) The central references, then, on which this report is based arc 
Principles of Behavior and Essentials of Behavior. 1 The long series of 
journal articles germane to the theory (1929-1951) and the book, Mathc- 
matico-Dcductivc Theory of Bote Learning (51) will also be tapped. 
For the most part, the report will be based on published, rather than 
informally circulated, materials. Mimeographed “memoranda concerning 
behavior theory” will necessarily figure in the discussion of the 1949- 
10 j 1 pos tulate sets, but other mimeographed materials and unpublished 


1 In all further reference to there volumes. Principles of Behavior will be abbrevi- 
ate to FrB. and Emntub of Behavior to Ewenfiab. 
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sources will not be used. Much of this material overlaps with published 
sources, and much represents trial-error theoretical sallies later aban- 
doned by Hull. As for the remainder, the fact that Hull has withheld or 
postponed public commitment makes its status with respect to the pub- 
lished theory indeterminate. 

3) Despite the above restrictions, any attempt to deal analytically 
with a set of formulations so extensive as Hull's must proceed from a 
selective incidence. At this moment in the history of psychology, a 
report on Hull’s work could be slanted in any one of a number of direc- 
tions. One of these might be an evaluation of the empirical evidence for 
or against the major HuIIian hypotheses which are deemed most valuable. 
Another might be an assessment of the survival prospects of various com- 
ponents of the system, or an estimate of what modifications and creative 
refinements might be made in order to insure the perpetuation of the 
“theory” as a coherent systematic approach to the analysis of behavior. 
The present report takes quite another question as its primary concern. It 
asks: what kind of a theory can Hull be said to have; what are the 
orienting commitments and methods which underlie its construction; what 
is the degree of correspondence between HulVs theoretical objectives and 
the resulting theoretical structure t 

Hull's theory is the product of a period of heroic optimism in 
recent theoretical psychology. The keynote of this era is the belief in the 
imminent feasibility of comprehensive theory, having an unrestricted 
range of application to the major phenomena of organisrnic behavior. 
This era — dating roughly from 1930 — seems distinctly on the wane. Yet, 
it would not be quite correct to say that it is over. If, within recent years, 
we have learned that the major “theories” which dominated psychology 
during the thirties and forties were, in reality, over-extended programs 
towards theory, we have not yet arrived at a clear perception of the 
enormity of the distance separating such programs from theory, nor 
have we settled on the characteristics of those programs and objectives 
which might mediate realistic progress. Perhaps the single greatest 
barrier to appreciation of the need for reassessment of where wc stand 
today is the belief that the heroic era has given us one formulation which 
is a theory in the most rigorous natural science connotation of the word. 

Hot only Hull’s supporters, but even many of his critics, sccrn unques- 
tioning^ agreed that Hull 1ms put forward a detailed, high order, de- 
terminate theoretical structure. Curiously enough, Hull’s followers arc 
likely to argue that, even if Hull is wrong, he at least has a determinate 
theory, while opponents are likely to urge that Hull must be wrong, 
because he has a determinate theory. For these reasons, it is of the first 
importance to test Hull's formulations against the criteria of rigorous 
natural science theoretical procedure— eminently fair criteria, in Hulls 
case, because he explicitly adopted them. 
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of mimeographed seminar notes and “memoranda concerning behavior 
theory” (e g , 46, 51, 57) which Hull sent to interested people in the 
profession, at sporadic intervals, (2) unpublished manuscripts circulated 
by Hull among students and associates, (3) pre-publication drafts of 
manuscripts "which often contained materials not included m the pub- 
lished versions It should be recorded here that, at the time of Hull’s 
death, the manuscript for an extended book concerned with “concrete 
deductions o! the systematic details of individual (nonsocial) behavior” 
(70, p 174) from the new theory, was nearing completion 
All the above considerations complicate the problems faced by the 
analyst of Hullian theory In order to facilitate meaningful treatment 
within manageable scope, the field of the present analysis has been 
circumscribed in a number of ways 

1) The most influential form of the theory, in its effect on the psycho- 
logical public, has certainly been that contained in Principles of Be- 
havior It is also the only formulation of a “complete” (i e , “non-mima- 
ture”) Hullian postulate set put forward with sufficient indication of the 
inductive basis and general rationale of the main assumptions to permit 
detailed and determinate analysis For these reasons, the pivot of any 
comprehensive examination of Hull's theoretical effort must be the 
formulations of Principles of Behavior Nevertheless, the postulate set 
of 1949, as later elaborated in the 1951 book, Essentials of Behavior, 
defines a set of assumptions so radically different from those of Principles 
of Behavior as to constitute an essentially new theory Although there is 
reason to believe that the 1943 version of the system will remain a more 
influential formulation, no adequate evaluation of the consequences of 
Hull’s theoretical objectives and methods can be made without serious 
consideration of the later work Indeed, insight into the full significance 
of the orienting commitments and methods which underlie the theory of 
Principles of Behavior , only becomes possible through the backward illu- 
mination cast by the 1949-1951 postulates Thus, consideration of the 1943 
theory demands supplementation by analysis of the theory of 1949-1951, 
and we must accept the paradox of reporting on two theories in order to 
appreciate the significance of one of them 
2) The central references, then, on which this report is based are 
Principles of Behavior and Essentials of Behavior 1 The long series of 
journal articles germane to the theory (1929-1951) and the book, Mathe- 
matico-Dcduchvc Theory of Bote Learning (51) will also be tapped 
Tor the most part, the report will be based on published, rather than 
informally circulated, materials Mimeographed "memoranda concerning 
behavior theory ” will necessarily figure in the discussion of the 1949- 
19ol pos tulate Ects, but other mimeographed materials and unpublished 


* In all 1 further references to the-e volurnM Principles o } Behavior will be abbreu- 
fctrd to Prii nod Emntub o/ Behavior to Essentials 
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sources will not be used. Much of this material overlaps with published 
sources and much represents trial-error theoretical sallies later aban- 
doned by Hull As for the remainder, the fact that Hull has wi ie o 
postponed public commitment makes its status with respect to the pub- 
lished theory indeterminate. , , nna ivtical!v 

3) Despite the above restrictions, any ae P ^ f rom a 

with a set of formulations so extensive as Hull s a 

selective incidence. At this momen m a number of dircc- 
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Another might be an assessmen h ^ ^ modifica tions and creative 
ponents of the system, or an insure the perpetuation of the 
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W e have learned that be reality, over-extended 
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The foregoing objectives have determined the form and level of this 
report. Part I applies to the formulations of Pr.B., a set of analytic 
rubrics deemed adequate to characterize the methodological status of 
any scientific formulation having theoretical intentions. Part II compares 
the theory of Pr.B. with the markedly different formulations of the 
1949-1951 postulate sets, and inquires into the grounds for the difference. 
Part I seeks to cover maximum ground, in its application to the theory 
of the manifold analytic rubrics, by adhering to a pattern of widespread 
but brief sampling; Part II can only realize its objective by means of a 
more discursive mode of presentation. Part III adds a brief set of sum- 
marizing evaluations. 

In general, the presentation presupposes familiarity with the material 
under analysis, and frequent reference, on the part of the reader, to the 
cited sources is desirable. The presentation is frankly evaluative in in- 
tent: Hull’s writings are quoted or summarized only to an extent that 
makes evaluative analysis possible, and evaluative discussion is not par- 
celed into special sections, but is interlarded throughout the exposition. 

There is a sense in which a distinction may be made between Hull’s 
theory and Hullian theory. Certain of Hull’s core hypotheses have re- 
ceived significant independent elaboration by such people as Spence, 
Miller, Dollard, Mowrer and others. It is entirely possible that Hull’s 
future impact on the field may be registered primarily through the efforts 
of such workers. Nevertheless, consideration of the various brands of 
Hullian deviationism or neo-HuIlianism is not within the province of this 
report. 


Part 1. The Theory of Principles of Behavior 

A. HULL’S ORIENTATIVE ATTITUDES 
Connected with the formulation of any empirical theory is a set of 
statements which talk about the theory. In an explicitly formalized 
theory, the statements which refer to the elements of the theory, rather 
than to whatever constitutes the objects of the theory, comprise the 
me a cory o the system in question. No theory can be constructed, 
interpreted, or applied without the specification of a metatheory. In 
unformalized, quasi-formalized, and partly formalized “theories,” what- 
ever corresponds to mctathcory becomes of very great importance, for 
such formulations must be understood largely as proposals for the con- 
struction of theories, rather than fully realized theories. Indeed, in most 
of the nonforma! and incomplete "theories” characteristic of present 
vnlr. T ’ thc . t ® rmul!ltlons consist mainly of statements ultimately rclc- 
r ? thl ; r than the object-language of thc projected 
will. i'\ * US essential, in any analysis of such “theories," to examine 

mil. care statements which the theorist makes about thc aims of his 
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“theory,” the nature and level of the concepts he employs, the grounds 
ior the selection of concepts, and principles, etc Should the theorist pro- 
ceed to the detailed development of any part of a projected “theoiy,” it 
becomes critically important to compare this realized portion of the 
theoretical program with what the theorist has said about the proposed 
theory ” In this way, valuable information about the feasibility of the 
program, the potential fruitfulness of the theorist’s onentative proposals, 
and even the degree of intellectual responsibility of the theorist, may be 
gamed 

In this section, we itemize those of Hull’s onentative attitudes which 
we believe to be of importance in characterizing the nature of his theoretic 
cal program This itemization of orienting attitudes will make available 
a condensation of Hull’s professed theoretical intentions which can be 
related to the discussion of specific aspects of the theory, later in the 
report The characterizations of these onentative commitments are infer- 
ences based, so far as possible, on concrete metatheoretical statements 
made by Hull 

Getting the onentmg attitudes of a theorist into focus demands that 
they be seen in relation to the influences which serve as the theorist’s 
point of departure For this reason, we attempt an initial delineation of 
Hull’s more general orienting notions by examining (1) his relation to the 
behamonst tradition We then summarize more specific orienting com- 
mitments with respect to (2) formal characteristics of adequate theory, 

(3) level of descriptive and explanatory concepts, and (4) background 
considerations used as accessory criteria for hypothesis formation 

1. Relations to Rekaoiorht Tradition 

It is fashionable to label Hull a “zieo-behavionst ” In order to under- 
stand his most general onentative ideas, it becomes necessary to de- 
termine wherein Hull is a “behavionst,” and wherein “nco ” 

The "classical” behaviorism of Watson, Weiss, Holt, etc , which 
achieved the peak of its influence in the mid twenties, was itself little 
more than a set of onentative attitudes Behaviorism was a vocal and 
energetic movement towards theory, but not a single bcha\ lonstic writer 
put forth a concrete theory, or even a particularly detailed program 
for theory Individual early beha\iorisis were often far apart- on con- 
crete empincal issues The core of the rao\emcnt was a common set of 
onentative attitudes, the most prominent of which were the following 
1) The insistence on inter-subjective ( objective ) techniques for tccur - 
%ng and expressing empirical data This was held to be incompatible with 
the continued use of “introspects c,” “subjects c” or "anthropomorphic’' 

m 2) 1< Thc advocacy of stimulus and response t enables as the only legiti- 
mate independent and dependent tanaMes in ichich to express the re- 



6 MODERN LEARNING THEORY 

suits of psychological research, and formulate theory In line with this 
the task of psychology was represented (by Watson and others) in some 
such way as “given the stimulus, to predict the response, and given the 
response, to infer the stimulus ” 

3) The commitment to conditioned response principles, or some re- 
lated form of S-R associatiomsm, as the basic laws of learning In writers 
like Watson, this commitment went little further than the assertion that 
learning could be accounted for by C R principles, and the absence of an 
attempt to elaborate conditioning theory in a systematic or detailed way 
was conspicuous Writers like Guthrie (by no means a typical early 
behaviorist) and Holt did carry out applications of associatiomstic princi- 
ples to concrete learning phenomena, but their attempts were of an 
informal and exploratory character 

4) A strong emphasis on “peripheral” determinants of behavior This 
emphasis is, of course, related to the S-R orientation, the plausibility of 
which behaviorists tried to buttress by showing how all effective behavior 
determinants and processes could be gotten into S-R terms Thus we 
find the peripheral or motor theory of thinking, the preoccupation with 
the explanatory possibilities of proprioceptive and internal stimulus 
factors, and the general devaluation of the importance of central processes 
— all characteristic of early behaviorism It is not unfair to note a cer- 
tain coherence between the behavioristic insistence on “objective” 
methods and the stress on peripheral theorizing 

5) An emphasis on extreme environmentalism 

Hull operates within the general frame of reference defined by the 
first four behavioristic orientative attitudes He is (1) an objectivist, 
(2) an S R theorist, (3) a user of C R principles, and (4) a penpherahst 
— but he holds and applies all these attitudes with a difference 2 Hull is 
not at all coy about explicitly pointing up these differences As early as 
1930, in the second article devoted to the exposition of his theory, Hull 
wrote 

Perhaps no theorists have been more naive m their attempts at system con- 
struction than those who seek in the principles of stimulus response the main 
expbnation o! tho^e forms of behavior called mental It may even be that, thus 
far, none have failed much worse in achieving the solid substance of genuine 

•The degree of & theorist’s 1 environmentalism’ is a tenuous (and rather futile) 
thing to measure but it is safe to say that Hull recognizes the efficacy of innate be- 
h&nor determinants to a greater degree than writers like Watson and Holt Hull 
has stated There is much reason to believe that even if organisms could bo 
subjected to identical environmental conditions from the moment of conception 
great differences would still be displajed in the behavior of different species as a 
whole and in the behavior of the individual organisms of each species Such differ- 
ences must premmably be regarded as depen lent upon i.c derived from differences 
m the innate or original nature and constitution ot the individual organism Vi® 
shall accordingly call them i mote differences (50 p 50) 
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explanation Even so, the author has considerable confidence m the possibilities 
of this point of view (28, pp 242-243) 

Perhaps the single most general difference between Hull's approach 
and that of classical behaviorism is implied in the above quotation (and 
related passages in the same article) Hull is self-consciously setting him- 
self within the behaviorist framework Yet he is sharply criticizing earlier 
behaviorism for its failure to exploit this point of view m a systematic 
and detailed way In its most general sense, the “neo” part of Hull's 
“neo-behaviorism” is based on his firm intention to assume intellectual 
responsibility for developing the orienting principles of behaviorism by 
means of detailed hypothetico-deductive procedures The strength of 
Hull’s conviction is indicated by the fervor with which he advertises the 
merits of strict postulational procedures not only in this early article, 
but in virtually every one of his subsequent theoretical publications 
We will now outline certain of the more specific contrasts between 
Hull’s approach and the several orientative attitudes of earlier behavior- 
ism from which his approach stems 
a Objectivism. The objectivism of early behaviorism was partly a 
methodological, partly a metaphysical thesis Methodologically, the 
behavionsts' insistence on "objective observation" seemed motivated 
mainly by the aim to insure inter-subjective definition and application of 
psychological concepts This methodological proposal was in certain con- 
spicuous cases presented along with a denial of the “existence of con- 
sciousness ” 

Hull explicitly rejects the metaphysical component of the thesis In 
Mind , Mechanism and Adaptive Behavior , he writes 

What, then, shall we say about consciousness ? Is its existence denied? By no 
means But to recognize the existence of a phenomenon is not the same thing 
as insisting upon its basic, 1 e , logical, priority Instead of furnishing a means 
for the solution of problems, consciousness appears to be itself a problem needing 
solution (42, p 30) 

Hull’s methodological objectivism is, on the other hand, compatible with 
the methodological aspect of the early behavioristic thesis, but it is de- 
veloped more sharply Early behaviorism was concerned mainly with 
guaranteeing the inter subjectivity of the descriptive (first-order) con- 
cepts used to express empirical data in psychology It was implicitly 
committed to what we can now characterize as some form of the “physi- 
cal thing language,” as a reduction basis for psychological statements 
Hull too, is committed, by declared intention, to a phjsicahsm in this 
sense, but Hull, with his more sophisticated conception of theory, and 
his more explicit use of intervening \anablcs, has taken greater pains to 
trace out the consequences of objectivism at the Ie\oI of explanatory 
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theory His major concern, in this connection, is to point out the danger 
in the use of intervening variables which are not “securely anchored” by 
explicit functional relationships to antecedent independent, and conse 
quent dependent, variables For instance, in Pr B , he states 

This surreptitious substitution and acceptance of one’s knowledge of what 
needs to be done in a biological emergency for a theoretical deduction is the 
essence of what we shall call anthropomorphism , or the subjective , in behavior 
theory' The only known cure for this unfortunate tendency to which all 
men are more or less subject is a grim and inflexible insistence that all deduc 
tions take place according to the explicitly formulated rules stating the func 
tional relationships of A to X and of X to B This latter is the essence of the 
scientifically objective (56, p 24, Cf also pp 23 28, and the 2nd note, p 30) 

b SR orientation Hull is, of course, committed to the use of stimulus 
and response terms as the basic conceptual units for the designation of 
the independent and dependent variables of his theory So were early 
bchavionsts But from this point on, a number of differences arise 
(a) Classical behaviorists were notoriously vague about their concep- 
tion of theory, and insensitive to the nature of the theoretical procedures 
cither embodied in or implied by their own theoretical efforts For 
instance, in writers like Watson, it is difficult to tell whether the intention 
is to proceed in terms of direct S-R correlations, or to admit mediating 
concepts of the sort that we now call intervening variables Whatever 
the intention, there is good evidence to suggest that certain intervening 
variables are implied in Watson’s formulations (e g , “reflex connections,” 
h> pothctical proprioceptive stimulus factors, etc) Insofar as early be- 
lmuorists acknowledged or presupposed intervening variables, however, 
they tended to be few in number and to represent either inferred stimulus 
factors, or factors uniquely determined by independent “stimulus” uart- 
ablcs 

Hull, on the other hand, has explicitly introduced a complex array of 
intervening ■variables, certain of which arc not uniquely determined by 
independent variables having the nature of a stimulus Notable among 
these is the intervening variable of “drive” (D), to which Hull, in Pr B 
attnbuted a “sensitizing” or “energizing” function, m addition to the 
“persisting stimulus” role formerly assigned to this concept (56, pp 
22G 257) Since D, at least partly by virtue of its general energizing 
function, is assumed to combine multiplicatn cly with habit strength 
in the determination of a pivotal intervening variable, reaction 
potential (aEji), and since a number of subsequent links m the length) 
intervening variable chain between sEr and final respon«c arc partly 
determined b> *Er, it is clear that this non-stimulus determined variable 
plvv8 an important role in the theory Another intervening variable which 
does not seem uniquel) determined b) antecedent stimulus factors is “re- 
active inhibition” (/*) This is conceived as n “primary negative drive’ 



CLARK L. HULL 9 

generated by the occurrence of a reaction , and having among its antecedent 
independent \anable conditions, the "work (IF) m\ohed in the execution 
o the response” (56, p 300) It should be emphasized that the presence 
of such constructs in Hull’s theory constitutes one of the more significant 
deviations from the traditional behavionst framework, and even from 
the earlier (pre-1943) forms of Hull’s own theory 

(6) It has become a truism to observe that early behavionsts were 
sjstematically ambiguous in their definitions and applications of the 
concepts “stimulus” and “response ” The term “stimulus” was indiscrimi- 
nately applied to states of affairs ranging from the physical energy 
change acting on a single receptor to the behauor-evokmg effect of a com- 
plex social situation, while “response” could designate anything from the 
contraction of a single muscle cell, to the name of a class of end results 
brought about by a widely varying range of movement sequences In his 
earlier publications, Hull showed an almost comparable indiscrimmafce- 
ness in his use of stimulus and response concepts, but he seemed sensi- 
tive to the nature and magnitude of the problems (eg, 43, p 219) In 
any case, unlike earlier behavionsts, Hull has made an explicit attempt 
to cope with so-called problems of “stimulus equivalence” (47, 50, 56, 60, 
63, 67), and (to a lesser extent) “response equivalence” (34, 35) We 
reserve evaluation of the success of these attempts for later parts of this 
report 

c Use of CM principles One of the sharpest contrasts between Hull 
and early behaviorism may be found in Hull’s use of C R principles His 
attitude toward the utility of C R principles is also of critical significance 
for delineating the empirical area which Hull feels to be most fruitful m 
providing inductive materials for the construction of behavior theory 

Differences m Hull’s approach to C It materials and that of earlier 
behavionsts like Watson may be summarily stated as follows 

(a) Unlike earlier behavionsts, Hull is not in any direct and literal 
sense a C R theorist For Hull, the basic conditions under which learning 
takes place are not adequately characterized by the pnnciple of condi- 
tioning m its Pavlovian form, or indeed any variant form which regards 
contiguous association of stimulus and response to be a sufficient condition 
for the occurrence of learning Rather, Hull feels that the Pavlovian 
theory of conditioning represents a special case of a principle which, since 
1937, 3 has represented the central postulate of his theory — the so called 

*In early theoretical articles Hull had tended to rely on a principle of ‘condition 
mg or redintegration as hia primary learning assumption He first gave evidence 
of veering towards a law of effect position in a review of Thorndike s F undamen 
tals oj Learning published in 1935 (41) The first formal appearance of a principle 
of reinforcement in a published postulate set appears m 2937 as postulate 2 of 
the Mind Mechanism and Adaptive Behavior system (42 p 16) This postulate 
was there designated the principle of positive association but it makes associa 
tion contingent on a * reinforcing state of affairs 
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"principle of reinforcement.” The principle of reinforcement, in turn, 
represents an objectively retranslated and pseudo-quantitative form of 
Thorndike’s “Law of Effect.” In the 1937 miniature formalization of his 
theory appearing in Mind, Mechanism and Adaptive Behavior (42, pp. 
17-18), Hull included a "derivation” purporting to show that the Pav- 
lovian C.R. was a special case of the law of reinforcement, and his posi- 
tion did not change. 

If the C.R. is a special case of the law of effect, Hull can then assume 
that many of the detailed relationships which hold for C.R. situations, 
must also hold for "law of effect” learning situations. Observing that the 
experimental situation used in C.R. work tends to approximate condi- 
tions of ideal simplicity, Hull feels that it is fruitful "to combine Thorn- 
dike’s sounder empirical generalization with the numerous behavioral 
laws discovered by the economical C.R. mode of experimentation” for 
the development of a comprehensive theory. 

(b) It should be clear, then, that for Hull, the empirical generalizations 
arising from C.R. research are of the first importance in providing the raw 
materials for the postulates of behavior theory. But such generalizations 
do not function directly, or in an unaltered form, as postulates. Thus, a 
second contrast arises between the way Hull and earlier behaviorists 
utilized C.R. principles. Insofar as earlier behaviorists tended to use C.R. 
principles in concrete explanatory contexts, there was no thoroughgoing 
attempt to translate such principles into the system language of a theory. 
Hull, on the other hand, translates whatever C.R. generalizations he uses 
into the constructs of his system. 

(c) Earlier behaviorists were content to use C.R. principles in the 
qualitative form in which (for the most part) they arose out of Pavlovian 
and later research. From his earliest articles on, however, Hull advertised 
the intention to work towards quantitative behavior theory. In line with 
this, he advocated and applied the procedure of fitting empirical equa- 
tions to data deriving from conditioning and other types of learning 
situations. 


d. Fcriphcralism. The peripheralism of earlier behavioristic writers 
was a major emphasis, manifested by a general tendency to retranslate 
various classes of phenomena traditionally regarded as "mental,” or 
intimately related to the operation of higher levels of the central nervous 
system, into "motor,” "muscular,” and more directly, "kinesthetic” terms. 
In this way, the roles of possible peripheral mechanisms in the mediation 
°; thmking, imaginal processes, set and attending, emotional behavior, 
etc. were more or less casually explored. Such analyses were presented in 
a speculative way, and were not supported by systematic and detailed 
explorations of the explanatory potentialities of the concepts put for- 
° f ? lu I s ccr ) lrnl intcrc5ts in elaborating the explanatory 
i i i ics o such peripheral mechanisms, in a more concrete way than 
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did his behaviorist predecessors. Accordingly, Hull has deductively ex- 
plored the possible roles of such conceptual mechanisms as P™P™“P- 
tive stimulation," “the drive stimulus (So), and the fraction 

anticipatory goal re*** 56 ^ In/eTd^the 

attempt^ to teastTout 1 the possible roles of si^cli^nnecHiamsms .in the chain- 
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(a) Legitimate scientific explanation requires the detailed deduction 
of a “phenomenon” from a set of explicit and unambiguous postulates* 
and definitions 

( b ) The capacity of a theory to generate novel (1 e , previously un- 
formulated) empirical relationships is a particularly significant measure 
of its fruitfulness (and even, apparently, its probability value) 

(c) Ambiguous, insufficiently explicit, or inadequately stated hy- 
potheses cannot be subjected to determinate experimental test 

(d) Theoretical methods of a precise order can already be used in 
psychology (By way of demonstrating this, Hull then puts forward the 
set of theoretical deductions — at one or another level of specificity and 
formality — which comprises the main substance of the given publication ) 

(e) Theorists of supposedly opposing viewpoints must face the responsi- 
bility of showing, in detail, how their own postulates can generate de- 
ductions similar to those presented by Hull If they cannot make determi 
nate derivations from their principles, then they have no theory If they 
can perform similar deductions, then to this extent their theories are in 
agreement with Hulls If certain of the deductions from the opposing 
sets of principles are in conflict, then the matter should be resolved m the 
laboratory 

In the earlier phases of his career as theorist, Hull seemed to be gearing 
his concrete theoretical efforts to relatively modest objectives In each of 
the theoretical articles preceding 1935, Hull explored the consequences of 
a limited group of tentatively formulated hypotheses Such hypotheses 
were stated qualitatively and certain of their more important conse- 
quences were informally “derived” by a more or less closely reasoned 
indication of the steps connecting “deductions” with their premises 
Nevertheless, the drive toward ngorous formalization and quantification 
was revealed, even during this period, by frequent comments occurring in 
the embedding material accompanying the various theoretical analyses 
The second pha c e in the quest for hypothetico-deductive ngor came 
into evidence with the publication of the “miniature systems” on rote 
learning in 1935 (39), and adaptive behavior m 1937 (42) These 
“systems” represent crude qualitative formalizations, patterned more of 
le^s \nguely on the model of geometry In each case, a set of verbally 
stated postulates and definitions are given, and brief theorem sequences 
are demed, the major steps of the derivations being recorded in greater 
detail than in the case of the earlier, less formal publications However, 
even in the 1935 article which presents the rote learning system, Hull 
is clcarlj not satisfied with non-quantitativc formalization He writes 

At present the superficial appearance of the concepts regarding learning 
which are current among our theorists docs not suggest ready mathematical 
treatment And while this condition is probably more apparent than real it 
ecems to raise the important question as to whether ngorous logical deductions 
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“ ade °° , the basis of qma-mafhematica! concepts as have so far 
emerged from behavior experiments (39, p 498) 

By 1939, the "condition” referred to in the above passage is no longer 
even “apparent ” In this year, Hull et a l published Mathematico-Deduc- 
tive Theory oj Rote Learning (51) This most elaborate of Hull’s attempts 
at formalization puts forward 18 postulates, and the derivations of a 
large number of theorems in both mathematical and verbal form In 
addition, the 86 definitions are stated alternately m English, and sym- 
bolic logic, and symbolic logical equivalents for the postulates are also 
given From this point on, the preoccupation with quantification becomes 
the dominant factor in Hull’s theoretical work By 1943, Hull felt it pos- 
sible to put forward, m Pr B , a tentative postulate set for a comprehen- 
sive theory of behavior, the major postulates of which were formulated 
m (presumably) quantitative terms Since much of the “quantitative” 
material in that work was admittedly illustrative , Hull devoted most of 
his effort from 1943 to his death m 1952, to an attempt to achieve genuine 
quantification The results of these endeavors are registered m the re- 
vised postulate sets of 1949-1951 (68, 69, 70, 75) 


3 Level of Descriptive and Explanatory Concepts 

In this section, we ask questions concerning the “level of analyses” to 
which the conceptual elements of Hull’s theory are geared With regard 
to a psychological theory, at least two types of questions concerning 
“level of analysis” may be raised 

(a) What is the level of the elements of the theory, as defined by 
membership in the language system of one or another of the extant 
sciences which are believed to concern different “levels" of the same 
subject matter (e g , physiology, bio chemistry, physics) ? 

(b) What is the “level” of the elements of a theory, as defined by 
the “specificity- generality” or “fineness-coarseness” of the variables desig- 
nated by those elements, within the scientific language system to which 
they belong? 

It should be clear that discussions of whether a psychological theory 
(or theorist) is “behavioral” or “physiological," “molecular" or “molar,” 
tend frequently to confuse (a) and (b) It is also evident that such dis- 
cussions are often further confused by failure to recognize that different 
elements of the theory may (and usually do) belong to quite different 
scientific language systems, while two or more elements at the same 
linguistic level may vary quite widely in “specificity ” 

In order to avoid complex and extended analysis at this place, we will 
let Hull speak for himself 

Students of the social sciences are presented with the dilemma of waitmc 
until the physicochemical problems of neurophjsiology ha^e been adcquitelv 
solved before beginning the elaboration of behavior theory, or of proceeding in 
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a provisional manner with certain reasonably stable principles of the coarse, 
macroscopic or molar action of the nervous system whereby movements are 
evoked by stimuli, particularly as related to the history of the individual 
organism 

There can hardly be any doubt that a theory of molar behavior founded upon 
an adequate knowledge of both molecular and molar principles would in general 
be more satisfactory than one founded upon molar considerations alone But 
here again the history of physical science is suggestive Owing to the fact that 
Galileo and Newton earned out their molar investigations, the world has had 
the use of a theory which was m very close approximation to observations at 
the molar level for nearly three hundred years before the development of the 
molecular science of modern relativity and quantum theory It is conceivable 
that the elaboration of a systematic science of behavior at a molar level may 
aid in the development of an adequate neurophysiology and thus lead in the end 
to a truly molecular theory of behavior firmly based on physiology 
It happens that a goodly number of quasi neurological pnnciples have now 
been determined by careful experiments designed to trace out the relationship 
of the molar behavior of organisms, usually as integrated wholes, to well-con 
trolled stimulus situations Many of the more promising of these pnnciples 
were roughly isolated in the first instance by the Russian physiologist, Pavlov, 
and his pupils Because of the pressing nature of behavior problems, both 
practical and theoretical aspects of behavior science are, upon the whole, being 
developed according to the second of the two alternatives outlined above For 
these reasons the molar approach is employed m the present work 
In this connection it is to be noted carefully that the alternatives of micro 
scopic versus macroscopic and molecular versus molar , are relative rather than 
absolute In short, there are degrees of the molar, depending on the coarseness of 
the ultimate causal segments or units dealt with Other things equal, it would 
seem wisest to keep the causal segments small, to approach the molecular, the 
fine and exact substructural details, just as closely as the knowledge of that sub 
structure renders possible There is much reason to believe that the seeming 
disagreements among current students of behavior may be largely due to the 
difference in the degree of the molar at which the several investigators are 
working (56, pp 20 21) 


The above passages represent Hull’s answers to the two questions which 
we distinguished concerning level of analysis His replies are Pickwickian 
to say the least 


To query (a) , he answers that the elements of his ^theory belong to the 
language of “a systematic science of behavior at a molar level ” However, 
his theory is apparently based on "a goodly number of quasi-neurological 
pnnciples [italics mine] , w hatever that means 
To queiy (6) , Hull answers that the “ultimate causal segments” dis- 
criminated by his theory arc to be kept “small ” They are “to approach 
the molecular, the fine and exact substructural details, just as closely as 
the knowledge of that substructure renders possible” However, Hull 
seems to be assuming that the degree of “fineness” or “exactness” of the 

e o^n n ^ 0f ri J i h t aV ! 0r l( thCOr>T 13 ldcntlcal or varies directly with, 
osenc s or fidelity to substructural” or “molecular” detail, such detail 
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corresponding, no doubt, to neurophysiological subject matter. Such an 
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In general, Hull has not tended to be a “model” theorist m any explicit 
or conspicuous sense Yet, his “adaptive dynamics” criterion of hypothesis 
selection has tended to perform very much the same role in his thinking 
as do detailed models m the case of other theorists Indeed, this criterion 
serves as the basis of a device which figures prominently in Hull’s think- 
ing and which possesses certain of the properties of more formal models 
Hull describes this “device” as follows 

A device much employed by the author has proved itself to be a far more effec- 
tive prophylaxis This is to regard, from time to time, the behaving organism as 
a completely self maintaining robot, constructed of materials as unlike ourselves 
as may be In doing this it is not necessary to attempt the solution of the de 
tailed engineering problems connected with the design of such a creature It is a 
wholesome and revealing exercise, however, to consider the various problems in 
behavior dynamics which must be solved in the design of a truly self maintaining 
robot (56, p 27) 

The above is the only published reference to the Hullian robot which 
the writer has seen There is additional evidence, though, that the device 
played an important heuristic role in Hull’s thinking In about 1941- 
1942, the writer read a pre-publication draft of PrB which had the 
robot frolicking about through the course of an entire chapter A senes of 
questions were asked with regard to what conditions the design of a robot 
would have to satisfy, for various types of behavioral adaptation to 
occur 

5 Summary of Principal Orientative Commitments 

Neglecting certain of the indeterminacies in Hull’s statements of objec- 
tives, we may reconstruct, from the preceding discussion, the following 
summary profile of Hull’s orientative attitudes 

(a) Hull seeks to construct a “molar science of behavior,” the primary 
task of which is to “isolate the basic laws or rules according to which 
vanous combinations of stimulation, arising from the state of need on 
the one hand and the state of the environment on the other, bring about 
the kind of behauor characteristic of different organisms” 

(b) Tlie«e laws are to be inter-sub] ectively stated and validated 

(c) Insofar as possible, “peripheral” behavior determinants are to be 
employ ed The independent and dependent variables are to be expressible 
mamlj in “stimulus” and “response” terms, while the intervening vari- 
ables may or may not be uniquely determined by antecedent stimulus 
variables 

(d) The inductive basis of these laws is to consist of the empirical 
generalizations arising from “law of effect” and conditioned response 
experimentation Such empirical generalizations arc to be translated into 
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the terms of a systematic behavior theory language, and are to be 
quantified m terms of empirical curve-fitting procedures 

(e) Principles constructed m the above ways are to function as formal 
postulates, and the major phenomena of orgamsmic behavior are to be 
derived as theorems by rigorous logical and mathematical techniques 
The postulates are to be formulated, at the earliest date possible, as 
fully quantified mathematical equations 

(/) Terms of the systematic behavior theory referred to in ( d ), are to 
be defined at a “molar behavioral” level, but they are to do justice to 
neurophysiological events, as thoroughly as knowledge permits 

( g ) Initial selection of postulates is to be guided by preliminary con- 
siderations about the extent to which they seem compatible with the 
requirements of biological adaptation The system is to be validated in 
terms of its success in mediating correct deductions concerning both 
adaptive and maladaptive forms of behavior 

B. STRUCTURE OF THE THEORY 
In this section, we will attempt analytic characterization of the theory 
of Pr B The structure of this theory is, of course, defined by the postu- 
lates, definitions, and textual elucidations of concepts put forward m Pr B 
Our intention is not expository, it will be assumed that PrB or some 
detailed summary of its postulates (21, 53, 86), is either available, or 
known to the reader Rather, the intention is to abstract from the postu- 
lates and textual embedding materials the major classes of components 
constitutive of the theory, and examine the methodological status of each 
In particular, we will be concerned with evaluating the adequacy of these 
components m the light of Hull's theoretical intentions This we proceed 
to do under the following rubrics (1) data language, (2) independent 
and dependent variables, (3) intervening variables and (4) construct 
interrelations 

1. Data Language 

Since all empirical definitions of a theory are constructed from a 
linguistic base that may be called the “data language” of the theory m 
question, it is veil to begin the analysis of Hull’s theory by a considera- 
tion of his data language The properties of the theorist’s data language 
may provide valuable clues vith regard to the status of the theory If, for 
instance, characteristic inadequacies in the use of data language arc 
demonstrable, these must contaminate all empirical (operational) defini- 
tions of the theory, and a corresponding limitation is thereby imposed 
on the significance of all statements made bj the theory 
There are two senses in which one may raise questions as to the "data 
language” of a theory 
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(1) One may seek to determine the characteristics of the immediate 
data language in which empirical or operational definitions of theoretical 
terms are put forward, and against which primitive and derived state- 
ments of the theory are compared {observation records). 

(2) One may ask questions concerning the proposed or implied epistemic 
reduction basis of the terms of the theory. In this event, one is concerned 
with a logical reconstruction of the characteristics of the “ultimate” con- 
firmation language (i.e., protocol language) to which all proper state- 
ments of the theory are, in principle, reducible. 

The empirical definition of terms in a scientific theory is almost never 
carried to its epistemic reduction basis. Such a procedure would be hope- 
lessly cumbersome, and, for most practical purposes, unnecessary. The 
practice, rather, is to reduce the term to statements which can be assumed 
to have the same, unambiguous meaning for all individuals to whom the 
definition is addressed. In practice, this generally means reduction to 
statements which are still highly remote from the final reduction basis 
of the term in question. There are no explicit pragmatic rules for determin- 
ing at what “level” of reduction does precision of reference become as- 
sured for a given audience, but certain obvious inferences about this can 
be made from the character of the immediate data language relative to 
whatever consensus of language habits exists among the investigators in 
a given field at a given time. For these reasons, we will concern ourselves 
primarily with (a) Hull’s immediate data language. We supplement this 
with brief consideration of (b) the epistemic reduction basis of Hull’s 
theoretical terms. 

a. Hull's immediate data language. Immediate data language tends 
to appear in two contexts in connection with an empirical system: (1) in 
statements which are explicitly intended to provide operational defini- 
tions of terms in the theory language, and (2) in descriptions of experi- 
mental conditions, observations, and the results of statistical or mathe- 
matical transformations of observations which the theorist is relating in 
some way to the construct language of the theory. In Pr.B. no formal 
operational definitions are given. The empirical reference of theoretical 
terms is either informally indicated in the textual discussion, or left to 
be inferred from use. In later discussion of the mode of definition of 
.theoretical variables, we will have occasion to deal extensively with 
such informal operational definition. Here, it will be instructive to con- 
sider some characteristic examples of Hull’s usage of immediate data 
language in connection with the description of experimental materials 
(type 2 above) . We begin with two exhibits from Pr.B. 

• The first exhibit is of particular interest, because Hull is here introduc- 
ing a detailed description of a “demonstration experiment” in order to 
explain the workings of the basic principle of the theory — “primary re- 
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inforcement ” Thus the use of data language is especially self-conscious 
and detailed It reads (p 70 4 ) 


Demonstration Experiment A The laboratory in which the experiment is 
performed is without windows and its walls are painted black, this gives the 
room an appearance of being rather dimly illuminated, though in fact it is not 
On a table rests a black wooden apparatus about two feet Jong, a foot wide, 
and a foot high It has a hinged gla=s lid which permits clear observation of the 
interior The floor of the box consists of small transverse rods of stainless steel 
placed about a quarter inch apart Midway between the two ends of the box is 
a partition consisting of the same type of metal rods similarly arranged but 
placed vertically This partition or barner reaches to within about four inches 
of the hd A two throw electnc switch permits the charging of the floor rods of 
either compartment and of the partition with a weak alternating current 

On a second table nearby there rests a wire cage containing a sleek and lively 
albino rat about one hundred days of age The laboratory technician opens the 
hd of the cage and the rat at once stands up on its hind legs with its head and 
forepaws outside the aperture The technician grasps the rat about the middle 
with his bare hand and transfers it to one of the compartments of the apparatus 
The animal, after a brief pause, begins moving about the compartment, sniffing 
and inspecting the various parts, often stretching up on its hind legs to its full 
length against the walls of the box 

After some minutes the technician throws the switch which charges both the 
partition and the gnd upon which the rat is standing The animal’s behavior 
changes at once, in place of the deliberate exploratory movements it now dis- 
plays an exaggeratedly mincing mode of locomotion about the compartment 
interspersed with occasional slight squeaks, bitmg of the bars which are shocking 
its feet, defecation, urination, and leaps up the walls These reactions are re- 
peated m vanous orders and in various parts of the compartment, sometimes the 
same act occurs several times in succession, sometimes not After five or ax 
minutes of this variable behavior one of the leaps carries the animal over the 
barrier upon the uncharged gnd of the second compartment Sere after an 
interval of quiescence and heavy breathing the animal cautiously resumes ex- 
ploratory behavior, much as in the first compartment Ten minutes after the first 
leap of the barner the second grid is charged and the ammal goes through sub- 
stantially the same type of variable behavior as before This finally results m a 
second leaping of the barner and ten minutes more of safety, after which this 
gnd is again charged, and so on In this way the animal is given fifteen trials, 
each terminated by a leap over the barner 

The second exhibit is characteristic of the many brief descriptions of 
experiments which are scattered through the theoretical discussions of 
PrB It runs (pp 226-229) 


In the present context we are fortunate in having an excellent empirical stud) 
which shows the functional dependence of the persistence of food seeking be- 
havior jointly on (1) the number of reinforcements of the habit in question, and 

(2) the number of hours of food pm a Lion Penn and Williams trained 

albino rats on a simple bar pressing habit of the thinner t>pe F'wg 


* Throughout the remainder of Part I, all quotations from PrM will be identified 
m terms of page number onlj The bibliographic index number will be omitted 
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separate groups different numbers of reinforcements varying from 5 to 90 under 
a standard 23 hours’ hunger. Later the groups were subdivided and subjected 
to experimental extinction with the amount of food privation varying from 3 to 
22 hours 

The gross outcome of this experiment is shown m Fig 48, where the height 
of each column represents the relative mean number of unremforced reactions 
performed by each group before experimental extinction yielded a five-minute 
pause between successive bar pressures The positions of the twelve columns on 
the base shows clearly the number of reinforcements and the number of hours 
food pnvation which produced each It is evident from an examination of this 
figure that both the number of reinforcements and the number of hours of food 
privation are potent factors in determining resistance to experimental extinction 
Moreover, it is clear that for any given amount of food pnvation, e g , 3 or 22 
hours, the different numbers of reinforcements yield a close approximation to a 
typical positive growth function On the other hand, it is equally clear that for 
a given number of reinforcements, eg, 16, the number of hours of food priva- 
tion has an Almost linear functional relationship to the resistance to experimental 
extinction. 

It is evident from these two exhibits that the “data language” consists 
of a heterogeneous set of expressions, conforming to the rules of English 
syntax. The expressions derive from everyday discourse, and from a 
variety of scientific languages, including physics, mathematics, biology, 
and psychology. In general, the psychological expressions are restricted 
to terms which derive from a type of uncodified psychological vocabulary 
more or less common to experimental psychologists (e g , “reaction,” 
“habit,” “bar-pressing habit,” “extinction,” “learning curves,” “thresh- 
old”) . There are several intrusions of a term from the construct language 
— “reinforcements” — in the data language of the second exhibit. There is 
also an occurrence in the first exhibit of a term — “inspecting” — which 
some investigators may find difficult to apply in a consistent way. In 
general, though, the data language is such as to satisfy reasonable 
standards of intcr-subjective applicability, and differs m no significant 
way from the language of any psychological writer when making sense 
in a theoretically neutral context. When the two above exhibits arc sup- 
plemented by reference to the data language of Hull’s published experi- 
mental reports (and those of his students), the Eamc properties are in 
evidence except, perhaps, for a greater frequency and range of construct 
language intrusions 

As soon as we inquire, however, into the theoretical use which is made 
of such apparently innocuous data language expressions, patent difficulties 
arise. Consider the first exhibit. T he purpose of this passage is to demon- 
strate the operation of the fundamental “law” of primary reinforcement. 
T1 u 3 law*, in the form given in the ensuing discussion in Pr.B. (p. 71), 
states the conditions under which “an afferent receptor impulse (s) 
reciting from the impact ... of a stimulus energy (5)” comes to evoke a 
“reaction (R) ” 
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The transition from the demonstration experiment of the first exhibit to 
this "law ” is mediated by the following passage (p 71) 

It is eudent from the foregoing that the final successful competition of the 
reaction of leaping the barrier (f? 4 ) with the various futile reactions of the series 
such as leaping against the wooden walls of the apparatus (tfj, squeaking (f? 2 ), 
and biting the floor bars (R 3 ) must have resulted, in part at least, from a differ- 
ential strengthening of tf 4 It is also evident that each of these competing reac- 
tions was originally evoked by the slightly injurious effects of the current on 
the animal’s feet (the condition of need or dnve, D) in conjunction with the 
stimulation (visual, cutaneous, etc) arising from the apparatus at about the 
time that the reaction took place The stimulation arising from the apparatus at 
the time of the respective reactions needs to be designated specifically leaping 
igamst the nail will be represented by S Al squeaking, byS A , biting, by S A ., and 
leaping the barrier, by jS^ It is assumed that preceding the learning, the leap 
mg of the barrier was evoked by a compound connection between the receptor 
discharges s D and s Af arising from S/> and S A respectively, and R it le, R 4 must 
ha\e been evoked jointly by the converging connections, s D —> R 4 and s A 
— > R 4 Thc c c are the connections which evidently have been strengthened or 
reinforced Bccau c c of this, learning is said to be a procss of reinforcement 

Note carefully how the various elements of the data language are 
placed into correspondence with terms in the theory language R x is 
ordered to "leaping against the walls of the apparatus," R% to 
"squeaking," Rz to "biting the floor bars," and I? 4 to "leaping the barrier " 

If wc now inquire what the construct R means in Hull’s theory language, 
we nowhere find an adequately detailed or consistent definition We are, 
however, told, in the glossary (p 406) that “R - reaction or re- 
sponse in general (muscular, glandular, electrical) ” We are also informed 
(p 25) that, “Our usual thoughtless custom is to speak of cycles of 
behavior by merely naming their outcome, effect or end result, and 
practically to ignore the various movements which brought this terminal 
state about," and that (p 25) "an ideally adequate theory ought 
to begin with colorless movement and mere receptor impulses as 
such ” Thus, Hull is here making very inflated theoretical capital out of 
his data language materials R u Rz, Rs, and R x are clearly being identi- 
fied in terms of "outcome,” "effect,” or "end result," and the data lan- 
guage observation records are being placed in correspondence with the 
construct R in a way which plainly violates the rules of the theory 

The situation grows worse when we turn to the application of the 
stimulus ( S ) and receptor impulse ( s ) constructs S is defined, m the 
first instance, as "stimulus energy in general, e g , the energy of sound, 
light, or heat waves, pressure, etc ” (p 40 7) , s is the "afferent neural 
impulse resulting from the action of a stimulus energy on a receptor” (p 
407) Also, in postulate 1 which formally introduces these constructs into 
the theory, 8 is identified as a "stimulus energy” which "impinges on a 
suitable receptor organ," and s as the resulting "afferent neural impulse 
propagated along connected fibrous branches of nerve cells in the 
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general direction of the effector organs, via the brain” (p 47) But, in 
the case of the first exhibit, S corresponds to whatever stimulation 
arises “from the apparatus at the time of the respective reactions ” [ital 
mine] In other words, S is being identified by reference to response, ac- 
cording to some such tacit criterion as “any part of the environment, 
discriminated by the experimenter, which impinges on the organism 
simultaneously with the occurrence of R ” The various >S’s are certainly 
not being specified in terms of independent physical energy criteria As 
for s, its use in the quoted passage represents a supererogatory addition to 
S, on the apparent assumption that whenever an S is, in some way, 
identified, it is legitimate to interpolate a corresponding s 
Such discrepancies between the data language realizations of stimulus 
and response variables, and the definitions of these variables in the 
construct language of the theory are almost ubiquitous m Hull’s writings 
The effect is to produce a systematic ambiguity in the basic independent 
and dependent variables (<S and R) of the theory Such an ambiguity in 
the terminal empirical constructs of the theory must necessarily ramify 
into every postulate We will have occasion to discuss further mdeter- 
mmacies in Hull’s S and R variables, later in the report 
Considering, now, the theoretical exploitation made of the substance 
of the second exhibit, we run into another far reaching inadequacy m 
the relations between Hull’s data language and his theory language The 
second exhibit consists of a very brief paraphrase of the procedures and 
results of the Penn (103) expenment If we neglect the forgivable intru- 
sion of “number of reinforcements” as an equivalent for some such ex- 
pression as “number of rewarded training trials,” the exposition is in 
careful, theoretically neutral terms (e g , “persistence of food seeking be- 
havior,” “number of hours of food privation,” etc ) Nevertheless, a few 
pages after the introduction of the Perm experiment, in a discussion of 
“primary motrv ational concepts” we find Hull saying (p 239) 

Turning now to the concept of reaction evocation potentiality, we find, thanks 
to Penn’s investigation sketched above that we are able at once to define 
bFji ns the product of a function of habit strength { B ^n) multiplied by a 
function of the relevant dme (D) [ital mine} 

In other words, what Hull has "at once” done is to set three data 
language expressions which designate the experimental variables w'hose 
relations arc in\cstigated in the Penn study, into correspondence with 
three theoretical constructs The “number of reinforcements" is ordered 
to habit strength” («///»), “the number of hours of food privation” is 
ordered to "dmc" (D) , and “persistence of food-seeking behavior” is 
ordered to reaction potential” («E B ) The obtained relations among the 
experimental \nnablcs arc then, without more ado, transferred to the 
theoretical variables, and what results is one of the major principles of 
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the theory (ultimately formalized in postulate 7, p 254), a principle, 
moreover, of unrestricted generality 

Now, the setting of "data language” expressions into correspondence 
with construct language expressions is essentially the problem of empirical 
or “operational” definition A fully adequate analysis of the logical and 
practical issues connected with empirical definition still awaits the efforts 
of methodologists Any such analysis, however, must respect certain of 
the elementary revelations yielded by Carnap’s formulation m terms of the 
“reduction sentence" (6, 85) The typical form of an empirical definition 
is a sot of conditional statements (“reduction pair” or “bilateral reduction 
sentence”) which "reduces” a construct, by implicative relations, ulti- 
mately to data language statements of the observations which should 
result under certain specified conditions In the typical case, a plurality of 
reduction sentences may be written for a term in the construct language 
The "richer” the empirical reference of a concept, the greater the number 
of reduction sentences that can be written at a given time Further, the 
class of reduction sentences corresponding to a given concept at a given 
time is "open”, it is always possible that the growth of relevant empirical 
knowledge will lead to new “reductive symptoms ” In the case of theoret- 
ical constructs which appear in statements intended as general laws, the 
actual generality of the law is uniquely determined, at any given time, 
by the number and variety of reduction sentences which can be written for 
the construct in question 

Returning to Hull’s theoretical utilization of the Penn matenals, it is 
clear that the direct jump from the data language expressions to the 
corresponding theory language law, is tantamount to assuming an equa- 
tion rather than a conditional relationship, between the theoretical van 
ables (sHjt, D, sEr) and their reductive "realizations” in the experiment 
Hull of course, does not intend such an equation, because the law is 
offered as quite general in reference, and Hull plainly regards such vari- 
ables as D, sHr and b Er as having varied empirical manifestations But, 
tn eject, an equation of construct and data language equivalent exists, 
because the relationships imputed to the theoretical variables by the 
“law” are nowhere empirically demonstrated by further data language 
reductions, nor is the need for this pointed up 

In an early phase of the construction of the theory, remote leaps from 
the data of single defining experiments to general theoretical statements 
are more or less inevitable When such a leap is made, it is essential that 
the theoretical statement be regarded with great tentativeness, and that 
the conditional and therefore “open” character of the relation between 
constructs and the original reductive "symptoms” be kept in the fore- 
ground It is essential, m other words, that efforts be made to enlarge the 
empirical reference of the theoretical variables by the “discovery” of 
additional reductive symptoms, and this can only be done by testing the 
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“law” in a wide variety of further empirical contexts Hull, however, 
tends to suppress precisely such considerations in the theoretical utiliza- 
tion of the Perm data And, m general, such considerations are suppressed 
in most of the instances m which Hull uses experimental materials to 
suggest construct interrelations 

In this analysis of Hull’s use of data language, we have already come 
upon one of the central deficiencies of his technique of theory construction 
— the tendency to base fundamental behavior laws of unspecified general- 
ity on single experiments, independently of any analysis of the generaliza- 
tion ranges within which the findings can rationally be expected to hold 
There are many facets to this practice It is evident not only m Hull’s 
use of data language, but in his explicit conception of the status of inde- 
pendent and dependent variables It is evident in his entire technique 
of postulate construction, in the mathematical analysis of experimental 
materials, in the moot status of the constants in empirical equations, and 
in many other ways We will come upon such manifestations of the ten- 
dency towards uncritical over-generalization repeatedly, in later sections 
of the report 

b. Epistemic reduction basis of Hull’s theoretical terms. This question 
need not detain us long We saw in the discussion of Hull’s “objectivism” 
that he is committed to the “intersubjective” definition of all psychologi- 
cal concepts This means that, by intention at least, he is a thorough- 
going “operationist,” although he wisely chooses to ignore the term (p 30) 
And this, m turn, means that he must accept some such linguistic base 
as the “physical thing language” (6, 85) for the ultimate epistemic 
reduction of all psychological (and, in general, empirically meaningful) 
tenns 

If a theorist's immediate data language is such as to have adequate 
intcrsubjcctivity of reference, it should follow that reduction to the 
physical thing language is, in principle, possible Nothing in the nature 
of Hull’s use of theoretically neutral English would seem to preclude the 
possibility of carrying out such reductions The deficiencies m Hull’s use 
of data language are of another order There is nothing which prevents 
the assignment of some kind of consistent empirical reference to each of 
the theoretical terms There is much, however, which prevents reductions 
which arc consistent with implicit ( postulational ) and explicit definitions 
of the theoretical terms B We have seen in the preceding discussion that 

concen * in S *be interrelations of implicit, explicit and empirical definition 
are badly in need of analysis by methodologists of science A term may have ade- 
operational" definition in terms of univocahty of empirical reference fie, 
reducibmty to the physical thing language) Yet, the definition may be entirely 
inadequate with respect to the role that the term plays within the postulates and 
explicit definitions of a theory Anal} res of operational or empirical definition ha\e 
than far been mainly confined to attempts to formulate criteria for the conditions 
vnder tr h K h cmmno^l concept* arc meaningful Too little attention has been given 
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Hull’s immediate data language reductions of, for instance, "stimulus' 1 
and "response” are not in accord with the explicit and implicit definitions 
of these terms given in, or inferable from PrB In effect, this means that 
no "operational” definitions are provided for the S and the R which 
occur in the construct language Or contrariwise, the S and the R which 
occur in the construct language are not "really” in the theoiy, but 
rather some other constructs whose theoretical properties require redefi- 
nition in a way w'hich is consistent with the data language usage of 
S and R 

A final difficulty, which has little to do with the properties of Hull's 
immediate data language, but much to do with the possibility of unam- 
biguous episfemic reduction, should be mentioned here This is created by 
Hull's frequent tendency to ascribe different and inconsistent properties 
to certain of his variables at different points in the postulates, the text, 
and the explicit definitions (so far as these latter are given or inferable) 
Thus, for instance, one of the four dependent variables of the theory, 
“amplitude” (A), is defined in the glossary (p 403) as "amplitude, 
magnitude or intensity of a reaction,” while, in its postulated introduc- 
tion into the theory (postulate 15, p 344) it is referred to as " the 
amplitude (A) of responses mediated by the autonomic nervous system ” 
[ital mine] To complicate, further, our discussion of S and R variables, 
it should be recorded that, despite predominant emphasis, in sources 
which provide implicit and explicit definition, on S as physical energy 
and R as "movement,” there are occasional overtones in the same sources 
that imply a conception of R as "outcome” or "effect,” and 5 as any 
part of the environment which bears a demonstrable lawful relation to 
R In later parts of the report, we shaff meet many additional 1 examples 
of discrepancies in the theoretical definitions of variables which must 
lead to alternate and incompatible epistemic reduction of the same 
variable 

2 Independent and Dependent Variables 

The “independent variables” of a theory are the terms referring to the 
factors available for measurement * and, when possible, manipulation, 
which are discriminated by the theory as the antecedent conditions of 
the events that the theory is designed to predict The "dependent vari- 
ables” of a theory are the terms designating the classes of events that 
the theory is designed to predict ‘Intervening variables” are terms 
interpolated between the independent and dependent variables, and having 
properties such that a class of empirical relationships descnbable by a 
given number of statements which directly relate independent and de- 
pendent variables, can be derived fro m a substantially smaller number 

to the interplay between operational and other classes of definition tn the construe 
tion of theories 
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of statements which relate independent to intervening variables, and 
these, in turn, to dependent variables 0 The most direct access to the 
nature of the empirical materials with which a theory is concerned is 
afforded by examination of the independent and dependent variables, 
either explicitly employed, or presupposed, by the theory 

In Pr B , Hull provided explicit indications of what he regarded 
as the “antecedent determining conditjonfsJ” and “consequent 
event [s]” to which his chain of intervening variables is, by intention at 
least, “securely anchored ” Although he makes frequent use of the term 
“intervening variable’* (occasionally alternating this with “logical con- 
struct”) to designate the term interpolated between such “observable 
and measurable” antecedent conditions and consequent events, the terms 
“independent variable” and “dependent variable” are not explicitly used 
There is, of course, no doubt that Hull was referring, when he used 
expressions like “antecedent and consequent conditions or 
events” (e g , p 382) , to independent and dependent variables, in some 
such sense as defined in the preceding paragraph Nevertheless, as we 
shall later see, the tendency to talk as if intervening variables were 
anchored to “directly observable” events , rather than to terms (inde- 
pendent and dependent variables) in the construct language of the theory 
which may be reducible to “observable events,” led to (and perhaps re- 
flected) considerable confusion in the definition and general treatment of 
empirical variables 

It should be recorded that Pr B is the first of Hull’s major publications 
in which some form of the independent-intervening-dependent variable 
schema was explicitly followed In earlier writings, he ran into difficulties 
time after time because of his inability to make clear distinctions among 
these three types of variables This seems particularly to have been the 
case whenever Hull attempted explication of the status of the so-called 
“unobservables” within his system (39, p 510, 42, p 7, 51, p 7) 

The structural outlines of the postulate set presented in Pr B may be 
viewed (and is so viewed by Hull) as a complex chain of intervening 
•variables interpolated between the independent variables which repre- 
sent the observable antecedents of behavior, and the dependent variables 
which represent observable aspects of the consequent behavior As we 

*Thc e c are not intended as formally precise statements Careful logical and epis- 
temological anal> sis is badly needed in this area as can be seen from the com- 
pounding of confusion resulting from recent methodological discussion of interven- 
ing variables One faces a trying impasse m writing an analytic report of the present 
sort If unconscionable discursiv cne°s is to be avoided one must apply methodologi- 
cal tools without sufficient characterization of the tools In partial solution to this 
problem we have adopted the practice of briefly elucidating those methodological 
concepts which seem particularly fuzzy m current usage before applying them 
»_uch bncf elucidations can only aim for an ‘intermediate” level of precision, the 
objective is sufficient characterization to permit meaningful analysis of the theory 
under scrutiny, not general or ultimate adequacy 
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have seen, Hull emphasizes very strongly the point that legitimate inter- 
vening variables must be “securely anchored,” by explicit functional 
relationships, to the antecedent independent variables and the conse- 
quent dependent variables The postulates of Pt.B , therefore, are made 
up of elements which take one of three forms 

(a) They relate an independent variable to an intervening variable 

(b) They relate one or more prior intervening variables to another 
intervening variable 

( c ) They relate the final intervening variable m the chain to one or 
another dependent variable 

Any complete list of independent and dependent variables must accord- 
ingly be reconstructed from the postulates The definitions of these 
variables must be reconstructed from the properties implicitly imputed 
to them by the postulates m which they occur (implicit definition), and 
from explicit and “operational” definitions either stated in, or inferable 
from, the textual embedding discussions, and the “glossaiy of symbols ” 

In the following discussions, it is not our purpose to reconstruct a 
complete list of the variables (le the independent variables, the few 
dependent variables may be briefly characterized), but rather to examine 
their definitional and general methodological status, and to test certain 
of them against Hull’s “secure anchorage” criterion Consequently, m 
this section, we (a) examine certain oj the independent variables appear- 
ing m the theory of PrB , ( b ) record the dependent variables, and (c) 
discuss their systematic status and mode of definition The section con 
eludes with (d) a summary of Hull's treatment of independent and de- 
pendent variables 

a Independent variables The expression, “independent variable,” has 
become systematically ambiguous in discussions of psychological meth- 
odology The independent-intervening dependent variable schema estab- 
lished by Tolman (137, 138) for the analysis of theory implies a sense 
of the expression, “independent variable,” which overlaps only partly 
with the expression as it is used in mathematics and in general scientific 
methodology At least three senses of the expression may be distin- 
guished 

Sense I Terms in the construct language of a theory denoting the 
chief classes of empirical events which serve as the operationally identifi- 
able, or “measurable,” and, wherever possible, mampulable, antecedent 
conditions of the events that the theory is designed to predict "Ante- 
cedent conditions” is, of course, used in the logical, not the temporal 
sense This would seem to be the sense of "independent variable” implicit 
m the Tolman independent-intervening dependent variable schema which 
has become so widely used in analytic discussion of psychological 
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theory. We propose to refer to “independent variables” in this sense as 

“systematic independent variables.” 

Sense II: A term or expression denoting any factor in an experimental 
situation which is systematically varied, or operated upon in some way, 
with the intent to observe and record a correlated change in another part 
of the system defined by the experiment. Sense II independent variables 
may be called “experimental independent variables.” It should be noted 
in passing that Sense I and Sense II of “independent variable” are very 
frequently confused. Experimental independent variables may be spe- 
cific, singular “realizations” (operational or reductive “symptoms”) of 
a systematic independent variable; they are not, however, to be identified 
with the systematic independent variable to which they are ordered. 
Sense I independents are terms in the construct language; Sense II inde- 
pendents are expressions in immediate data language. A Sense II inde- 
pendent variable need not be a “realization” of a Sense I independent; 
empirical relations between experimental variables which are ordered to 
no extant theory are often investigated. 

Sense 111: All terms in a statement of functional dependency of which 
a given term (the dependent variable) is a specified function. This corre- 
sponds roughly to the usage of “independent variable” in mathematics. 
Sense III independent variables may be designated “ mathematical inde- 
pendent variables.” An analogous set of distinctions can, of course, be 
made for different senses of the term “dependent variable.” 

Hull apparently regards the principal independent and dependent 
variables constitutive of the “major” intervening variables of his system 
to be those put forward in Fig. 84 of Pr.B. (p. 383), and represented as 
Fig. 1 in this report. The independent variables included by Hull in this 
summarizing diagram, together with elucidations of each derived from 
the glossary of Pr.B., and indications of the intervening variables to 
which they are related, are presented in Table 1. 

Even superficial collation of the independent variables in the first col- 
umn of Table 1 with the verbal and the mathematical formulations of 
the postulates will disclose that the list of independent variables given by 
Hull, as constitutive of the indicated intervening variables, is highly in- 
complete. For this reason, we have attempted to exhibit in Table 2 all 
of the “independent” variables which appear in both the verbal and equa- 
tional forms of the postulates which introduce the major intervening 
variables of the theory — sHr, s Hr, sE r , } n , Ir, s Ir , sEr. It should be 
emphasized that Table 2 excludes breakdowns of the postulates which 
introduce certain other intervening variables (e.g., s, 5, s Ur, sOr, sEr, 
and sh R ), and thus must not be viewed as a resum 6 of the entire system. 
The table does, however, contain the principal independent variables 
discriminated by the theory, because the omitted postulates contain inter- 
vening variables, cither of a type not linked to independent variables 
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(a) Systematic independent variables of the type already identified as 
Sense I (eg ,S,N, G, W } etc ) 

(b) Prior intervening variables, or terms functioning within the theory 
as intervening variables, each of which has appeared in some previous 
postulate as a Sense III dependent variable For instance, after sHk has 
appeared as a Sense III dependent variable on the left hand side of the 
equation defined by postulate 4, it appears as a Sense III independent 


TABLE 1 The independent variables distinguished by Hull in his summary 
diagram (Fig 1) together with the glossary elucidations of each and indi- 
cations of the related intervening variables 


Symbol 

Elucidation 


S 

“A stimulus when considered as m the proc- 
ess of being conditioned to the reaction ” 
(p 407) 


It 

“A reaction which is m the process of being 
conditioned to a stimulus ” (p 406) 

alls 

i 

i 

G 

“A need reduction or a stimulus which has 
been closely associated with a need reduc- 
tion primary reinforcement also a primary 
goal reaction ’ (p 404) 

i 

l 

i 

i 

1 

i 

S 

* Stimulus energy which evokes a response 
on the basis of a previousl} formed habit ' 
(p 407) 

sAr 

t 

* 

Ca 

* Conditions which produce the drive (Z>), 
the. otyes&wc. oovdafrows from which D may 
be calculated (p 403) 

D *sEr 

IF 

* The amount of work, i e , W *** F'L ” 
(p 408) 

Ib \ 

/ 

/ 

sIr " 


% anable on the nght hand side of the equation defined by postulate 5 on 
stimulus generalization In this context, the previously introduced inter- 
vening \ anable sIIr becomes one of the vanables of which a new interven- 
ing \ anable sfln (Sense III dependent) is a specified function 

(c) Empirical constants appearing on the nght hand side of the 
equations which reprerent the “mathematical statement” of the postulate 
(c g , the exponential constants k, j, u, i, etc ) 

(d) Formal constants appeanng on the nght hand side of equations, 
such ns Af (the ph> siological maximum of habit strength) and c (the 
loganthmic ' base"). 
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In Table 2, an attempt has been made to assemble the Sense III inde- 
pendent variables of all four classes distinguished above, for each of the 
theoretical intervening variables listed m column (I) In other words, 
we have regarded, for purposes of the analysis, the intervening variables 
introduced by each postulate as Sense III dependent variables which are 
some function of the Sense III independent variables specified by the 
relevant postulate The systematic independent variables ( Sense I) given 
for the verbal postulates in column (2), and for the equations in column 
(4), are the chief “antecedent” empirical variables discriminated by the 
theory of Pr.B , and it is the exhibition of these that constitutes the 
primary purpose of Table 2 The additional categories of Sense III 
independent variables given in the table are included m order to provide 
a relatively complete picture of the factors constitutive of the major 
intervening variables of the theory The significance, within the theoiy, 
of the systematic independent variables cannot be adequately defined 
without some indication of the pnor intervening variables, and the em- 
pirical and formal constants, which conjointly determine each of the 
major intervening variables, according to the functions asserted by the 
postulates 

Verbal formulations of the major postulates typically include a rough 
description of the function form linking the intervening variable under 
introduction to systematic independent variables and pnor intervening 
variables, but do not include a specification of empirical and formal con- 
stants,’ as do most of the equations For this reason, only systematic 
independent vanables and prior intervening variables can be listed for 
the verbal formulations 

Certain interesting considerations about the structure of the theory 
emerge, when we supplement the incomplete list of systematic independ- 
ent vanables derived from Hull's diagram (Table 1), by reference to 
the verbal and mathematical content of the postulates We will discuss 
certain of the more noteworthy considerations regarding “independent 
variables” suggested by Table 2, m the following paragraphs Certain 
other considerations, not uniquely relevant to “independent variables,” 
will be discussed in later parts of the report 

(1) Discrepancies among the independent vanables employed in ver- 
bal as against equational formulations of the postulates Inspection of 
Table 2 will show that such discrepancies are manifold and frequent 
One class of discrepancies involves the absence of certain of the inde- 
pendent variables given in the verbal formulations from the equations, 
and vice versa For instance, in verbal postulate 4, systematic inde- 
pendent G is crucial to the specification of the conditions constitutive 

T The single exception to this statement among the postulates snail red in Table 
2 is the verbal form of Postulate 4 winch makes reference to the forma] constant ti- 
the ' physiological maximum of habit strength " 
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(a) Systematic independent variables of the type already identified as 
Sense I (eg ,S,N, G, W, etc ) 

(b) Prior intervening variables, or terms functioning within the theory 
as intervening variables, each of which has appeared m some previous 
postulate as a Sense III dependent variable For instance, after sHr has 
appeared as a Sense III dependent vanable on the left hand side of the 
equation defined by postulate 4, it appears as a Sense III independent 


TABLE 1. The independent variables distinguished by Hull in his summary 
diagram (Fig 1) together with the glossary elucidations of each and indi- 
cations of the related intervening variables 


Symbol 

Elucidation 


S 

“A stimulus when considered as in the proc- 
ess of being conditioned to the reaction ” 
(P 407) 


R 

“A reaction which is m the process of being 
conditioned to a stimulus ” (p 406) 

sHr 

1 

1 

G 

“A need reduction or a stimulus which has 
been closely associated with a need reduc- 
tion primary reinforcement, also a primary 
goal reaction ” (p 404) 

1 

1 

1 

1 

1 

» 

S 

‘ Stimulus energy which evokes a response 
on the basis of a previously formed habit ” 
(P 407) 

sIIr 

i 

Co 

* Conditions which produce the drive (D), 
the objective conditions from which D may 
be calculated ” (p 403) 

D *sEr 

1 

1 

♦ 

w 

* The amount of work, ie. W — F'L ” 
(p 408) 

r *\ 

^S b R 



/ 

sIr ' 


variable on the nght hand side of the equation defined by postulate 5 on 
stimulus generalization In this context, the previously introduced inter- 
vening variable sIIr becomes one of the variables of which a new interven- 
ing \ amble sIIr (Sense III dependent) is a specified function 

(c) Empirical constants appearing on the nght hand side of the 
equations which represent the “mathematical statement” of the postulate 
(e g , the exponential constants k, 3 , u, t, etc ) 

(d) Formal constants appearing on the nght hand side of equations, 
such as M (the phjsiological maximum of habit strength) and e (the 
logarithmic “base”). 
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In Table 2, an attempt has been made to assemble the Sense 111 inde- 
pendent variables of all four classes distinguished above, for each of the 
theoretical intervening variables listed in column (1). In other words, 
we have regarded, for purposes of the analysis, the intervening variables 
introduced by each postulate as Sense III dependent variables which are 
some function of the Sense III independent variables specified by the 
relevant postulate. The systematic independent variables ( Sense 1) given 
for the verbal postulates in column (2), and for the equations in column 
(4) , are the chief "antecedent” empirical variables discriminated by the 
theory of Pr.B., and it is the exhibition of these that constitutes the 
primary purpose of Table 2. The additional categories of Sense III 
independent variables given in the table are included in order to provide 
a relatively complete picture of the factors constitutive of the major 
intervening variables of the theory. The significance, within the theory, 
of the systematic independent variables cannot be adequately defined 
without some indication of the prior intervening variables, and the em- 
pirical and formal constants, which conjointly determine each of the 
major intervening variables, according to the functions asserted by the 
postulates. 

Verbal formulations of the major postulates typically include a rough 
description of the function form linking the intervening variable under 
introduction to systematic independent variables and prior intervening 
variables, but do not include a specification of empirical and formal con- 
stants/ as do most of the equations. For this reason, only systematic 
independent variables and prior intervening variables can be listed for 
the verbal formulations. 

Certain interesting considerations about the structure oi the theory 
emerge, when we supplement the incomplete list of systematic independ- 
ent variables derived from Hull’s diagram (Table 1), by reference to 
the verbal and mathematical content of the postulates. lYe will discuss 
certain of the more noteworthy considerations regarding "independent 
variables” suggested by Table 2, in the following paragraphs. Certain 
other considerations, not uniquely relevant to “independent variables,” 
will bo discussed in later parts of the report. 

(1) Discrepancies among the independent variables employed in ver- 
bal as against equational formulations of the postulates. Inspection of 
Table 2 will show that such discrepancies are manifold and frequent. 

One class of discrepancies involves the absence of certain of the inde- 
pendent variables given in the verbal formulations from the equations, 
and vice versa. For instance, in verbal postulate 4, systematic inde- 
pendent G is crucial to the specification of the conditions constitutive 

'The single exception to this statement, among the postulates analyzer! in Table 
2, is the verbal form of Postulate 4 which males reference lo the formal constant li- 
the "physiological maximum of habit strenrth." 



TABLE 2. “Independent variables” appearing in verbal and mathematical 
“Principles of Behavior” * 


INTERVENING 

VARIABLE AND 

POSTULATE IN WHICH 

IT IS INTRODUCED 

“independent variables” (of various types) of which 

Verbal Statement 

Systematic Independent Variables 

Prior 

Intervening Variables 

sH* 

Postulate 4 
(pp 178-179) 

sC, — close temporal contiguity of an 
effector activity (r— >R) and a re- 
ceptor activity (S—*s) 

G — diminution of a need 

G — a stimulus which has been closely 
and consistently associated with the 
diminution of a need 

N — the number of reinforcements 
“Magnitude of need reduction” (no 
symbol given for this m verbal 
postulate) 

t — delay in reinforcement 
t' — degree of asynchromsm of S and R 
when both are of bnef duration 

l " — c l ura ^ on °f the continuous action 
of S on the receptor when R begins 

s — afferent neural im- 
pulse (linked to in- 
dependent variable 
S by Postulate 1) 

r — efferent discharge 
(not formally intro- 
duced into theory 
by any postulated 
specification or link- 
age to R) 

atlg 

Postulate 5 
(P 199) 

d the magnitude of the difference on 
a stimulus continuum between the 
afferent impulses of i (impulse at 
point of reinforcement) and s (im- 
pulse of reaction evocation) in j n d 
units 

[The glossary defines d as “the 
number of jnd's lying between 
tho two stimulus aggregates & and 
S" (p 403) ] 

&1I R at £ — the strength 
of the habit at the 
point of reinforce- 
ment 

n, s D 

Postulate 0 
(pp 253-254) 

Norite Cd 13 introduced in the text 
and defined in the glossary (p 403) 
as “conditions which produce the 
drive (D), the objective conditions 
from which D may bo calculated ” 
Postulate 6 , however, gives no 
statement of the dependence of D 
on any independent \anable 

None — unless it is as- 
sumed that D has 
been introduced in 
Postulate 3 (p C6)r 
or Postulate 4 (p 
178) These Postu- 
lates mention D but 
do not link it to any 
antecedent variable 











statements of postulates which introduce the major intervening variables of 


THE COItnESrOVDINO INTERVENING VARIABLE IS A FUNCTION 


Equational Statement 


Systematic Independent 
Variables 

Prior 

Intervening 

Variables 

Empirical 

Constants 

Formal 

Constants 

A'— the number of rein- 
forcements 

tc — a constant change in a 
measurable objective cri- 
terion which results in a 
need reduction 
t — delay in reinforcement 
t'—Ts - Ts - C6 w here & is 
of more than instantane- 
ous duration and over- 
laps the beginning of R 
l" — Tx-Ts— 44 where S 
and R are practically in- 
stantaneous 

Tr — the time of the begin- 
ning of R 

Ts — the time of the begin- 
ning of & 

[The equation (equation 
16, p 178) is given for 
the case of t' ] 


» — exponential con- 
stant in expression 
containing U 

K — constant in ex- 
pression contain- 
ing V) 

J — constant m ex- 
pression contain- 
ing t 

V — constant in ex- 
pression contain- 
ing t' 

Af — 100 habs, the 
physiological 
maximum of 
habit strength 
(also included in 
v crbal statement) 
c — mathematical 
constant taken at 
10 (logarithmic 
base) 

tf— the difference between 
S and & in j n d 's 

sIIr at S 

J' — an empirical 
constant of the or 
der of 01 in the 
case where d is a 
qualitative differ- 
ence but of the 
order of 006 where 
d is a quantitative 
difference 

e — logarithmic 
base, taken at 10 

~ 


b — constant m the 


None 

the domi- 
nant pri- 
mary dnve 

equation for Pos- 
tulate 6 i e , Sd 
bf(D) It is as- 
sumed that 
*6 > 0 ” 










TABLE 2. “Independent variables” appearing in verbal and mathematical 
“Principles of Behavior” * 


“independent variables” (of various types) of which 


INTERVENING 
VARIABLE AND 
POSTULATE IN WHICH 
IT IS INTRODUCED 


Verbal Statement 


sH!b 

Postulate 4 
(pp. 178-179) 


Systematic Independent Variables 


Prior 

Intervening Variables 


sC T — close temporal contiguity of an 
effector activity (r— »fl) and a re- 
ceptor activity (S—+$) 

G — diminution of a need 
6 — a stimulus which has been closely 
and consistently associated with the 
diminution of a need 


N — the number of reinforcements 
“Magnitude of need reduction” (no 
symbol given for this in verbal 
postulate) 


s — afferent neural im- 
pulse (linked to in- 
dependent variable 
5 by Postulate 1) 

r — efferent discharge 
(not formally intro- 
duced into theory 
by any postulated 
specification or link- 
age to R) 


t — delay in reinforcement 
t ’ — degree of asynchronism of i§ and R 
when both are of brief duration 


efl a 

Postulate 
(p. 109) 


l ” — duration of the continuous action 
of S on the receptor when R begins 


5 


d the magnitude of the difference on 
a stimulus continuum between the 
afferent impulses of 4 (impulse at 
point of reinforcement) and s (im- 
pulse of reaction evocation) in i.n.d. 
units 


sHr at 3 — the strength 
of the habit at the 
point of reinforce- 
ment 


D, S n 

rOTTULATE 0 
(pp. 233-254) 


[The glossary defines d as “the 
number of j.n.d.’s lying between 
the two stimulus aggregates & and 
5“ (p. 403).] 


Nwe-Cu is introduced in the text 
and^ defined in the glossary (p. 403) 
m “conditions which produco the 
drive (D), tho objective conditions 
from which D may be calculated.” 
Postulate 0, however, gives no 
statement of the dependence of D 
on any independent variable. 


None — unless it is as- 
sumed that D has 
been introduced in 
Postulate 3 (p. CG), 
or Postulate 4 (p. 
178). These Postu- 
lates mention D but 
do not link It to any 
antecedent variable. 


r! Cud IHwSrtu ,r * ,rir*n. tW . 

toiolftW tUiwwtiuuoc*. U n-i&bou appatr, *r lUjhUy py-fa 


either direct quoU- 
|*f nAfw ot aueh 
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THE COURESrONDINQ INTERVENING VARIABLE IS A FUNCTION 


EquaUonal Statement 


Systematic Independent 
Variables 

Prior 

Intervening 

Variables 

Empirical 

Constants 

Formal 

Constants 

None 

D 



| Equation (a) — sEr | 

None 

aEs 

In — (not pre- 
viously in- 
troduced) 




Equation (6) — n 
(appears here as 
“mathematical” 
dependent var ) j 


In— (not pre- 
vjously in- 
troduced) 

B,C 


\y—“=F'L t in which F' 
represents force and L 
represents distance or 

length of the movement” 

<p 279) 

{ Eauation (c) — is | 

W— as above 

n — number of reaction evo- 
cations 


B,C 


t" 

IS 

1 Equation (d) — t'"I r | 

— “The duration in min- 
utes following a sequence 
of unremforced evoca- 
tions of R during which 
neither reinforced nor 
unreinforced evocations 
of R have occurred" (p 
408) 

Is 

q — exponential con- 
stant 

e 

J Equation (a) — Ik J j 
Tone 

gin 

Ir 


Mi — the max of 
s Hr as limited by 
the amount and 
quality of the re- 
inforcing agent 

J Enuation (t>) — sEn] 

None 

sEr 

Ir 
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TABLt 2 (continued) 



"independent variables” (op various types) of which 

VARIABLE AND 

Verbal Statement 

IT 18 INTRODUCED 

Systematic Independent Variables 

Prior 

Intervening Variables 

sEr 

Postulate 7 (pp 253- 
254) 

None 

sHr 

D 


| Part (a) — J R \ 

R — -Reaction 

bEr 

D — (but m new sense 
as "primary nega- 
tive drive”) 


1 Part (6) — i n | 


Ir} Ir 

bEr 

n number of reaction evocations 


Postulate 8 (p 300) 



[Verbal form consists 
of 4 parts, and mathe- 
matical statement of 



4 equations Break- 
down indicates inter- 
vening or other prin- 
cipal variable under 
definition in each 
part, and the rele- 

1 Part (c) — in | 

^~ wor ^ involved m the execution of 


vant independent 
variables ] 

I Part (d) — | 


i " time since evocation of an R 


bIr, In 

bEr 

Postulate 9 (p 300) 

[Verbal statement con- 

| Part (o) — | 

S — stimuli 

R — cessation of a response 

Ir 

sists of 2 parts math- 
ematical statement 
consists of 2 equa- 
tions Breakdown as 
above ] 

I Part (6) — In | 

None 

sIr 

In 
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jective conditions from which D may be calculated." It is clear from 
Table 2, however, that postulate 6 which introduces D and Sr, (the 
drive stimulus) includes no reference to C D . There is no postulated link- 
age of D (and in turn S D ) to any systematic independent variable. If 
the postulates define the content of the “theory” of Pr.B., Cj> is not a 
part of the theory, nor, for that matter is D or S D , for these intervening 
variables remain unmoored to any antecedent empirical variables. 

(3) Indeterminacy of what constitutes the independent variables for 
which intervening variables in the case of the inhibition postulates. This 
point cannot be discussed independently of a general consideration of 
postulates S and 9, which, both in the verbal and the equational variants, 
are in a highly unsatisfactory condition. The breakdown in Table 2 can 
only suggest the magnitude of the confusion. 

The verbal form of postulate 8 (p. 300) begins with the introduction 
of Ijt (reactive inhibition) which is held either to result from (or to be?) 

“a primary negative drive ( D )” which is “created" whenever “a reaction 
(R) is evoked." The "primary negative drive ... has an innate capac- 
ity Un) to inhibit the reaction potentiality UEn) to that response.” 
Succeeding parts of the postulate state that the “amount of net inhibition 
(In) [not reactive inhibition (In) ] generated by a sequence at reaction 
evocations” is a specified function of “the number of evocations (n),” 
and "the work (If) involved in the execution of the response” (brackets 
mine) . A final part of the postulate tells us that reactive inhibition (not 
t„) “spontaneously dissipates as a simple negative growth function of 
time (t'")." 

In essence, then, the postulate introduces a new intervening variable, 
"reactive inhibition, " which is held it> he related to a new usage oS what- 
looks like a previously introduced intervening variable ( D , as a primary 
negative drive), and this in turn is linked to the perfectly general, 
qualitative independent variable condition of response evocation. A 
second new intervening variable, net inhibition (or a third, depending on 
whether the new usage of D is regarded as a new construct or a special 
sense of the old) , is now quantitatively linked to two new systematic 
independent variables, n and IF. Finally the dissipation of reactive 
inhibition is quantitatively linked to a new independent time variable, 
l", gj nce there is no indication, within the postulate, of the relation 
between reactive inhibition and net inhibition, the only information that 
we can derive is that 1 B is an inhibitory state, taken against S E „, which 
accumulates according to some unspecified function of reaction evocation, 
but which dissipates as a quantitatively specified function of time, while 
j x is an X which accumulates as a quantitatively specified function of 

n H w^tum to the " mathematical statement” of postulate 8 (p. 300), 
the situation becomes even more muddy. In the four "equations” of the 
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of s Hr, yet no reference to it is made in connection with the equations 
In the equations of postulate 8, there is nothing which suggests that Ir 
(reactive inhibition) “is created whenever a reaction ( R ) is evoked in 
an organism,” although precisely this latter is asserted in verbal postu- 
late 8 In verbal postulate 9, the generation of conditioned inhibition 
(bIr) is clearly linked to the association of stimuli (8) “with the cessa- 
tion of a response ( R ),” but this could hardly be inferred from the equa- 
tional form of the postulate 8 

Obvious examples of terms which appear in the equational forms of 
the postulates, and not m the verbal form are, of course, all empirical 
constants, and all formal constants with the exception of M in postulate 
4 The systematic independent variable w in the equation for postulate 
4 does not appear m the verbal formulation, although its referent is 
apparently meant to coincide with the “magnitude of need reduction” 
factor (and also G, and possibly (?) referred to m verbal postulate 4 
The definition of w, however, given along with the “mathematical state- 
ment” (p 178) equates w with a hypothetical operational symptom of 
“magnitude of need reduction,” which is insufficiently characterized to 
permit determinate substitution for w in any attempt to use the equation 
Another class of verbal versus equational discrepancies (or perhaps a 
sub-class of the discrepancies mentioned above) consists in more or less 
subtle transformations in the meanings ascribed the same independent 
variable symbols, as they occur in the alternate forms of the same postu- 
lates A conspicuous example of this is d in postulate 5 which, in the verbal 
postulate, is identified as the “magnitude of the difference” on a stimulus 
continuum between “the afferent impulses of s and s,” while in the equa- 
tion d is a difference, not between afferent impulses, but between stimuli 
(8 and 8) The t' and t" (asynchronism) vanables of postulate 4 provide 
another example The reversal of reference as between V and i” in the two 
ormulations of the postulate is probably an oversight, and may be easily 
corrected Aside from this, however, it should be noted that the equational 
definitions of t’ and t" involve the introduction of two constants ( 66 and 
) w ich do not appear in the verbal postulates, and the significance of 
/oi ml u equation in which V and t" appear, is far from clear 
v e absence from the postulates of a critical systematic independ- 
ent variable specified in Hull's diagram ( Fig 1 ) The six systematic 
independent variables which Hull feels of sufficient importance to ac- 
nowledge in his summary diagram include C D , defined in the glossary 
o t'rts (p 403) as, “conditions which produce the drive (D ) , the ob- 


lat'es^s HuU ’ 8 theor y whlc h regards the verbal postu- 

discrcpancies as to j he e( l u ations should take careful note of such 

It is difficult to see in any case what 
tion of those terms ‘ ° f “ equat,on wlthout some verba! explica- 
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are flat contraries And l n , which "physiologically” summates with S I K 
to form according to equation (a) of postulate 9, has as its only 
independent definition equation (d) of postulate 8 

f" I x = I R e 


But, as we have seen, no statements are given (mathematical or verbal) 
which would make it possible to determine I E at any given time Such 
a statement is given (at least in part) for 1 B in (6) and (c) of postulate 
8, which link 1 B to n and TV The crux of the difficulty seems to be the 
failure to specify the extent to which systematic independent variables, 
n and W differentially affect 1 B and I R We are given certain empirical 
variables for the quantitative constitution of l n , we are told that I R is 
some fractional component of t Ri but there is no way of determining the 
extent to which what is asserted for 1 R is meant to hold for I R Further- 
more, since S I R is defined in terms of J R , we have no way of knowing the 
extent to which n and W affect b Ir 
Thus, we are left with a horrible indeterminacy as to the status of in- 
dependent variables n and W within the theory — an indeterminacy which 
ramifies, of course, directly upon all the “inhibitory” intervening vari- 
ables, and thence, into the rest of the theory 
b Dependent variables The systematic dependent variables of the 
theory of PrM may be briefly and unequivocally identified They are 
four m number, and the symbols, together with their “glossary” defini- 
tions, are as follows 


(1) p or “probability of reaction evocation” (p 406) , 

(2) str or “latency of a reaction evocation” (p 408) , 

(3) n or “number of unreinforced reactions required to produce ex- 
perimental extinction” (p 406) , 

(4) A or “amplitude, magnitude, or intensity of a reaction” (p 403) 

In other words, the entire system of Pr B is geared to the prediction 
of reaction (R), as indicated by each of these four dependent variable 
“measures ” The classes of antecedent "data" available for such theo- 
retical prediction are of the variety designated by the systematic inde- 
pendent variables of the theory Just as the independent variables must 
be linked by explicit functional relations (preferably quantitative) to 
the intervening variables, so too, the intervening variables must be 
linked to the dependent variables 

In the system of Pr B , the final intervening variables which must be 
calculated for the prediction of behavior are "effective reaction potential” 
(A) and “momentary effective reaction potential” (A) This means 
that each of the dependent variable indicators must be quantitatively 
moored to A or A, and four postulates appearmg m Pr B (postulates 
12 to IS, p 344) attempt to do precisely this 
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mathematical statement, I R is nowhere linked to defining systematic 
independent variables. Even the single vague linkage to R, asserted in 
the verbal form of postulate 8, is not in evidence. Nevertheless, I R occurs 
in two of these equations as a Sense III independent variable [equations 
(a) and (d)], and once [equation (d)] as a Sense III dependent varia- 
ble. This means that equations (a) and (d) must be, strictly speaking, 
contentless. Equations (6) and (c) reassert, in mathematical form, the 
functional relations between I R and n and W already defined in verbal 
postulate 8. Notice that noio the only one of the intervening variables 
"introduced” in postulate 8, which is linked to any response variable, 
is 1 R . 

Verbal postulate 9 (p. 300) introduces a third (fourth?) inhibition 
variable. This is conditioned inhibition [ g I R ) which is held to "summate 
physiologically with reactive inhibition (7*) against the reaction potenti- 
ality to a given response.” Conditioned inhibitions are implicitly defined 
as, “stimuli (S) closely associated with the cessation of a response (R) ” 
which "become conditioned to the inhibition (I R ) associated with the 
evocation of that response.” We pass over the fact that Hull here seems 
to be introducing a very new type of theoretical concept into the system, 
one involving the association of stimuli not with responses but with drive 
states (let us remember that whatever else I R may be, it is “an innate 
capacity” of a “primary negative drive”) . More to the point, is the fact 
that Hull here “introduces” an additional intervening variable (s/b) 
which is implicitly defined by reference to a variable, Jr, which, in turn, 
we have seen to have no adequate empirical definition at all. Further, 
the systematically indeterminate concept of g I R is then linked to the 
indeterminate I R by a specific mathematical function (“physiological 
summation” as defined earlier in the theory in the case of “positive habit 
tendencies”) . 

Reference to the “mathematical statement” of postulate 9 (p. 300) 
helps not at all. Formula (a) relates t R (net inhibition) to a function 
of the two inadequately defined variables, I R (reactive inhibition) and 
bJr (conditioned inhibition). Formula (6) introduces the new intervening 
variable of “effective reaction potential” ( S E R ) as equal to 8 E B — h- 
This, of course, effectively transfers the indeterminacy of 1 R to B E R . 

The above analysis has proceeded by an independent examination of 
postulates 8 and 9, taken separately. If we now consider them as a single 
interrelated unit, the confusion is not lessened. Thus, equation (a) of 
postulate 8, 

b&r — bE r — I R , 
and equation (6) of postulate 9, 

b£r ~ sEn — In, 
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as much as corresponding to "intervening variable” aspects of the sys- 
tem, as do the processes designated by D A "primary goal reaction” 
could be an independent variable entity, or, in certain contexts, it could 
correspond to a dependent variable Further, the senses in which G as a 
"primary goal reaction" might serve as an independent variable must be 
spelled out in more careful operational terms G as a “stimulus which 
has been closely associated with a need reduction” seems to represent a 
genuine independent variable aspect of the theory, but this sense of G 
also requires detailed and determinate operational definition, which, in 
turn, presupposes a far more adequate specification of the conditions 
of "secondary reinforcement” than the theory includes Such speci- 
fication could conceivably disclose an intervening variable "process" 
corresponding to "secondary reinforcement,” but differing from “primary 
reinforcement” m certain ways Thus, a central “independent variable” 
of the theory turns out to be, by implication, several independent vari- 
ables, several intervening variables, and at least one dependent variable, 
no one of which "variables" receives even an approximation of adequate 
empirical definition 

(2) At first blush, it would appear that IF (work.) is given rather more 
adequate empirical definition, than most of Hull’s independent variables 
The definition is formally presented as 

IF ~ F L, in which F represents force and L represents distance or length of 
the movement, as in ordinary mechanics (p 279) 

Such a definition relates the independent variable to concepts which have 
a well-defined operational significance in physical science But let us 
recall that IF is a variable which serves, m a thoroughly general way, 
as an antecedent condition to the accumulation of la (net inhibitory 
potential) with respect to instances of any class of reactions, whatsoever 
The operations equated to IF could hardly be applied to glandular re- 
sponses, changes in muscular tonicity, etc Obviously, quite different sets 
of operations must be specified for the determination of the IF (or its 
equivalent) in these cases No one can blame a theorist for incapacity to 
specify details which are beyond the limits of present knowledge But 
putting forward a concept like IF in the form of an equation (reduction 
sentence having the form of an explicit definition) implies that the opera- 
tional definition of W is completed, and so tends to gloss over the fact 
that IF (or some set of variables having similar systematic function) 
must acquire additional operational symptoms, before the concept ap- 
proximates empirical adequacy Instead of going out of his way to point 
up problems of this order, Hull shows a quite general tendency to present 
formulations which represent half-way solutions of their intended fane- 
tions, ts ith an air of finality 
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Inspection of the postulated introductions of the dependent variables 
immediately discloses a definitional vagary From postulates 12, 13, and 
14 we learn that p, str and n refer only to "striated-muscle reactions ” 
From postulate 15, we learn that A designates “the amplitude . of 
responses mediated by the autonomic nervous system ” No such restric- 
tions are imposed on the dependent variables in the glossary definitions, 
and at various points m the text 

c Logical status and mode of definition of independent and depend 
ent variables Since most psychological theorists have made no effort to 
provide explicit identification of the independent and dependent vari- 
ables recognized by their theories, certain confusions about the status of 
such variables would seem to be prevalent Adequate statement of a 
theory demands the specification of its independent and dependent 
variables The “terms” designating such variables are within the con- 
struct language of the theory , and are not to be confused with expressions 
in the data language to which these terms may (and should) be reducible 
by empirical definition The critical empirical or operational definitions 
of a theory must appear in connection with its independent and depend- 
ent variables, for it is at these points that the theory must establish con- 
tact with “observable states of affairs ” 

Hull’s attempt to make explicit his independent and dependent varia- 
bles is admirable, and almost unique in psychological theory The only 
other major psychological theorist who has made an effort in this 
direction has been Tolman, but the effort has been little more than 
a gesture However, Hull’s general treatment of his independent and 
dependent variables shows two closely related defects 

(a) He tends to think of these variables as representing “directly ob- 
servable events” (e g , p 29) 

(b) He fails to provide sufficiently detailed and unambiguous opera- 
tional or empirical definition of these variables 

It could be argued, of course, that Hull’s intent in Pr B is the informal 
presentation and explication of his postulate set, and consequently, that 
detailed operational definitions are not to be expected Unfortunately, 
however, even at an informal level, elucidation of these variables is both 
insufficient in detail and ambiguous We present, in condensed form, a 
few illustrations of such deficiencies 

(1) G is defined in the glossary of Pr B as “a need reduction or a 
stimulus which has been closely associated with a need reduction, pri- 
mary reinforcement, also a primary goal reaction” (p 404), and in 
the text has certainly been used in all these contexts Operationally, such 
ail |i e ^ ucl ^ a ^ lcm 1S double talk Obviously, the process (or processes?) 
of need reduction” or “primary reinforcement” (e g , changes in a dme 
state, strengthening of s-r or S-R connections) must be regarded just 
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programmatic, and empirically unmoored, as is the concept of "stimulus 
energy itself 

(4) The discussion of Hull’s data language usage of R showed diffi- 
culties of the same order as was the case with S This parallelism with 
the inadequacies of S continues, when we examine the general treatment 
of R Before going further, it is well to recall that R is given both an 
independent and a dependent variable usage m the theory of Pr B 
(cf Tig 1) ' ' 

The full glossary elucidation of R is (p 406) 

R = (1) reaction or response in general (muscular, glandular, electrical), 

(2) more specifically, the reaction which occurs as the result of previous 
conditioning 

This tells us next to nothing Sense (X) characterizes "reaction” only 
ndjectivally as "muscular, glandular, electrical,” but gives us no clue to 
the circumstances under which the noun “reaction” may be applied 
Sense (2) is merely a symbolic discrimination of R as considered in the 
performance situation from It (p 406), “a reaction which is in the process 
of being conditioned to a stimulus ” The following statements, however, 
give us further help 

Our usual thoughtless custom is to speak of cycles of behavior by merely 
naming their outcome, effect, or end result, and practically to ignore the various 
movements which brought this terminal state about (p 25) 

An ideally adequate theory even of so-called purposive behavior ought, there- 
fore, to begin with colorless movement and mere receptor impulses as such and 
from these build up step by step both adaptive behavior and maladaptive be 
havior The present approach does not deny the molar reality of purposive acts 
(as opposed to movement), of intelligence of insight of goals, of intents of 
strivings, or of value, on the contrary, we insist upon the genuineness of these 
forms of behavior We hope ultimately to show the logical right to the use of 
such concepts by deducing them as secondary principles from more elementary 
objective primary principles Once they have been derived we shall not only 
understand them better but be able to use them with more detailed effectiveness, 
particularly m the deduction of the movements which mediate (or fail to medi 
ate) goal attainment (pp 25 26) 

These statements, together with the glossary elucidations of R, leave 
little doubt that Hull proposes to deal with “reaction” or “response ’ as 
physically definable “movements’ (“muscular, glandular ) and associ- 
ated physical events ("electrical”) But, just as in the case of the S con- 
cept, there is a marked deviation from the “definitions” in actual prac- 
tice In concrete apphcational contexts, Hull assumes an operational 
correspondence between R and behavioral “outcome, effect, or end re- 
sult ” Hull plainly intends to justify his practice by the derivation of 
"adaptive and maladaptive behavior’ from “colorless movement 
—presumably via the postulates of PrB (as in the derivation of the 
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(3) Independent variables as we know from the discussion of 
Hull’s data language, reflects in its operational usage certain of the most 
fundamental inadequacies of the theory These inadequacies ramify 
throughout the system, and are reflected everywhere in the text of Pr B 
Hull’s summarizing definition of S in the glossary has previously been 
quoted in part (cf p 21, this report) We now reproduce it in full 


S = 1 stimulus energy in general, e g , the energy of sound, light, or heat waves, 
pressure, etc 

2 more specifically, stimulus energy which evokes a response on the basis 
of a previously formed habit (p 407) 

We previously noted that data language applications of >S show a 
wide departure from sense 1 above Just as in the case of W, the sense 
1 elucidation of S links the variable to concepts (physical energy sources) 
which have a well defined operational status m physics But in Hull’s 
actual operational practice , stimuli are characterized not in terms of their 
physical energy properties, but in terms of some part of the environment, 
discriminated by the experimenter, which bears (or may bear) a lawful 
relation to response 

At first blush sense 2 seems mterpretable as a formulation at gross vari- 
ance with sense 1, and in possible accord with data language usage One 
might assume that the expression “stimulus energy” is here gratuitous, and 
that S is now being represented as any chscnminable x (complex of events, 
part of the environment) which is an empirically demonstrable antecedent 
of response (i e , “evokes a response on the basis of a previously formed 
habit”) Actually, no such subtlety is intended Sense 2 merely records 
Hull’s symbolic convention of using S as the sign for “stimulus” as con- 
sidered m its capacity of response evocation , from <§ (p 407), the “stimulus 
when considered as in the process of being conditioned to a reaction ” In 
both cases (the *S of action evocation, and the & of original conditioning) 
the defining property is sense 1 — “stimulus energy the energy of 
sound, light, or heat waves, pressure, etc ” 

Hull s emphasis on “physical energy” criteria of S seems enforced by 
the intention to show that, in principle , the theory can derive entities 
having the characteristics of “stimuli” in the data language (“ behav- 
ioral ”) sense, via S as physical energy, the afferent impulse (s) , afferent 
neural interaction, the principle of reinforcement, and, in particular, the 
mechanisms of primary stimulus generalization, secondary generalization, 
etc We would be better able to evaluate the fate of this intention after 
analysis of the intervening and other variables introduced m these as- 
sumptions But we may anticipate the results of further analysis to the 
extent of noting that these additional variables and principles are as 


13 D of n course intended to hold for all sub-specifications of the 
Btimulua variables in PrM, as well as for S (e g S D S c S.) 



TABLE 3. Intcr>cning variables of the theory of Pr.B. as represented in Hull’s 
summary diagram (Fig. 1) and classified according to “type” 


TTPB I 

TYPE II 

TYPE III 

Symbol Elucidation 

Symbol Elucidation 

Symbol Elucidation 

"Afferent neural im- 
pulse . m the 

s process of being con- 

ditioned to a reac- 
tion” (p 407) 

“Habit strength 
conceived as a rough 
sITr or approximate 
stimulus-response 
relationship to ,Hr‘ 
(P 404) 

“Behavioral oscilla- 
tion” (p 313), ' The 
oscillatory weaken- 
sOr ing potentiality asso- 
ciated with effective 
reaction potential” 
(p 406) 

“Afferent neural im- 
pure as modified by 
afferent neural m- 
S teraction” (p 407) 

(Considered in proc- 
ess of being condi-i 
tioned to a reaction) ( 

sfht “Effective habit 
strength” (p 404) 

“Reaction threshold, 
the minimal amount 
sLr of effective reaction 
potential that 

will mediate reaction 
evocation” (p 405) 

r “Efferent dis- 

charge” (p HI) 

“Reaction poten- 
tiality” (p 253), 
s Er “Excitatory poten- 
tial, potentiality of 
reaction evocation 

(p 404) 


“Afferent neural im- 
pulse resulting from 
the action of a stim- 
b ulus energy on a 

receptor, as S— >s 
(p 407) (Consid- 
ered in process of 
action evocation) | 

s£« “Effective reaction 
potential (p 404) 


“Afferent neural im- 
pulse as modified by 
afferent neural in- 
S teraction” (p 407) 

(Considered in proc- 
ess of action evoca- 
tion) 

“Momentary effec- 
s Er tive reaction poten- 
tial sEr as modified 
by sOr (p 404) 


“Strength of the 
dominant primary 
drive operative in 
D the primary motiva- 

tion to action after 
the formation of the 
habit involved' (p 

403) 



lx 

1 

a Jr ' 

Actually 

Type II 

‘Amount 
of reaction 
inhibition’ 



* Amount 
of condi 
tioned 
inhibitory 
potential ’ 
(p 404) 

r 
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“behavioral” S) A very important link in such a derivation must, of 
course, be some analysis of response generalization But here we must 
note— quite aside from the programmaticity of other postulates that 
would be necessary — that Pr B contains no analysis of response gener- 
alization Indeed, the only reference to the topic m Pr B is contained in 
a footnote (p 183) which says that “space is not available in the present 
work for an adequate treatment of it ” 


(5) The argument developed m (4) above has an obvious bearing on the 
significance of the four explicit dependent variable R indicators given by 
Hull p, ,t T , n, and A Hull supplies informal operational definitions for 
each of these which superficially seem adequate But each of these response 
“measures” is left in the air, because of failure to characterize that which 
the measure measures (i e , 12) Obviously, 12 must be “qualitatively” or 
topographically delimited in some way before we can determine its prob- 
ability of occurrence, its latency, etc But Hull fails to provide adequate 
conceptual tools for precisely this identification of 72 It may be significant, 
in this connection, that Hull does not even include 72 as a dependent vari- 
able m the diagram of his “major” constructs (Fig 1), but rather inserts 
p, Jr, n and A as directly related to s Br 
d Summary of Hulls treatment of independent and dependent van 
ables In the analyses of this section, we have found manifold inade- 
quacies in Hull s treatment of the independent and dependent variables 
of the theory of Pr B He begins initially with a defective metatheoreti- 
cal notion of such systematic empirical variables, which equates them 
with “directly observable events » Despite Hull's attempt to be explicit 
about these variables, we have found many barriers in the way of 
unequivocal specification of the total set of such variables presupposed 
y t e theory There are discrepancies among the independent variables 
i entified m verbal, as against mathematical, formulations of the same 
postulates There is indeterminacy with regard to which independent 
variables are linked to which intervening variables m certain of the 
postulates One major independent variable ( C D ) has no postulated 
m a ^ e 0 an y intervening variable at all The dependent variables are 
unequivocally specified in number, but not m meaning 

No formal empirical or “operational ' definitions are specified What- 
ever operational definitions of major empirical variables such as G, W, 
nn , f are formally suggested m the text, glossary and postulate 
rmulations ean be shown either to be inadequate to the theoretical role 
6 na if ln Question, inconsistent with data language applications, 
nSU Cien ^ characterized to permit univocal interpretation In one 
^ i?’ ? 80 C / lled mde P end ent variable G was defined so as 
usage? * UHiP e independent > intervening and dependent variable 

If the independent and dependent variables of a theory are the factors 
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materials with the postulates and embedding discussions, however, will 
immediately reveal many discrepancies. For instance, $ and S cannot pos- 
eibly be Type I variables, because according to postulate 2 which intro- 
duces these variables (p. 47) into the theory, they are linked not to the 
independent variables & and S, but to tfie prior intervening variables 
s and s. D cannot be regarded as in the theory at all, because there is no 
postulated linkage to Co. Similarly, Type I intervening variable r cannot 
be in the theoiy because there is no postulated linkage to independent 
variable U . 


The inhibition variables demand special scrutiny. Although Hull 
treats them in the postulates, diagram, and various other places as Type 
I (directly related to independents), there are implications to the con- 
trary both in Hull’s explicit statements, and in their place in the structure 
of the theoiy. 

l/i and 1 R seem, by implication of postulate 8 (p. 300), to be some func- 
tion of a Type I intervening variable which Hull refers to as "a primary 
negative drive (jD)” produced “whenever a reaction is evoked.” By pos- 
tulate 9, B h arises by virtue of stimuli being “closely associated to the 
cessation of a response,” these stimuli thus becoming “conditioned to 
the inhibition . . . associated with the evocation of that response” (p. 
300). Such conditioning of a stimulus to the reactive inhibition associated 
with the response is presumed to take place only because cessation of R 
brings about reduction of the “negative D” posited in postulate 8, thus 
eventuating in the process of reinforcement, or G. Thus, it would seem 
that b Ir requires linkage to the prior Type I variable of G, as well as the 
prior Type I variable of "negative D” implied in postulate 8. Such an 
analysis would force us to regard In, In, and bIr as Type II variables on 
our definition — i.e., as intervening variables related mediately to inde- 
pendents via Type I intervenings. 

It should further be apparent that certain intervening variables which 


appear neither in the postulates, nor the structural diagram, should be 
included, if full specification of the variables presupposed by the theory 
were to be achieved. To take but one instance, the highly ambiguous 
“independent” variable G would seem to demand, at the minimum, the 
specification of a correlated Type I intervening variable corresponding 
to the process of "need reduction” or "primaiy reinforcement.” 

We should also note that Type III intervenings B L„ and t O B , whatever 
their merits are at variance with Hull’s metatheoretical conception of 
the nature of intervening variables, since they are not linked either 
programmatically or actually, to any "observable antecedent conditions 


We will meet additional instances of indeterminacy ,n the intervening 
variable chain in the subsequent discussion o constnict interrelations, 
b Systematic status of the intervening variables. In the following para- 



46 MODERN LEARNING THEORY 

which provide anchorage to empirical states of affairs, the theory of 

Pr B must already be regarded as badly adnft 

3. Intervening Variables 

It is the avowed function of the postulates of Pr B to introduce succes- 
sive links of the “intervening variable” chain of the theory, and to relate 
this chain to the empirical (independent and dependent) variables Hull 
regards intervening variables or “logical constructs” as “symbols or X's 
(that) represent entities or processes which, if existent, would account 
for certain events m the observable molar world” (p 21) He believes 
that “their use is attended with certain difficulties and even hazards’ 
(p 22) 

At bottom this is because the presence and amount of such hypothetical factors 
must always be determined indirectly But once (1) the dynamic relationship 
existing between the amount of the hypothetical entity (X) and some antecedent 
determining condition (A) which can be directly observed, and (2) the dynamic 
relationship of the hypothetical entity to some third consequent phenomenon or 
event ( B ) which also can be directly observed, become fairly well known, the 
scientific hazard largely disappears When a hypothetical dynamic entity, or 
even a chain of such entities each functionally related to the one logically 
preceding and following it, is thus securely anchored on both sides to observable 
and measurable conditions or events (A and J3), the mam theoretical danger 
vanishes This at bottom is because under the assumed circumstances no 
ambiguity can exist as to when, and how much of, B should follow A 

The main purpose of this section is to determine how successfully the 
intervening variables of Pr B have eluded these “hazards” cited by Hull 
The discussion will include (1) a classification of the chief intervening 
variables, and (2) consideration of their systematic status 

a Chief intervening variables, Hull’s summarizing diagram presented 
in Fig 1 (p 29, this report) , gives a bird’s-eye view of what he regarded 
as the major symbolic constructs” (encircled symbols) of Pr B , “together 
with the supporting objectively observable conditions and events” 
(p 383) 

A rough classification of intervening variables, based on the nature of 
their relations with independent variables, may be made from this dia- 
gram Type I intervening variables will be those which are directly linked 
to independent variables (e g , s) Type II intervemngs are those which 
bear indirect relations to independent variables, as mediated by their 
direct relations to prior intervening variables (e g , gH R ) Type III 
mtervenings are those which bear no relations to independent variables 
Table 3 presents the intervening variables of the theory as classified 
according to type 

Presumably , Tig 1 and Table 3 reveal the intervening vanable structure 
of the theory as abstracted from the postulates Careful collation of these 
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into a more adequate statement of postulates, remains moot at this level 
of formalization. 

How do Hull’s intervening variables stand with respect to empirical or 
operational definition? There has been much confusion on this question. 
Hull talks about the desirability of “an empirically workable operational 
definition” of his “quantitative” intervening variable units (e.g., habs, 
motes, wats, pavs) in a footnote (p. 281). It must be noted, however, that 
Hull’s metatheoretical view of the nature of an intervening variable 
precludes direct operational definitions. Intervening variables are linked 
by specified functional relations either immediately or mediately (via 
other intervenings) to independent and dependent variables. The inde- 
pendent and dependent variables are presumably operationally defined. 
Insofar as one can legitimately speak of intervening variables as being 
operationally defined, this can only be indirectly in terms of the opera- 
tional definitions of the independent and dependent variables. The situa- 
tion is, of course, complicated by the fact that Hull does not seem to 
remain consistent with his notion of intervening variables as X’s which 


are uniquely characterized by their stated functional relations to “ante- 
cedent” and “consequent" conditions. To the extent that Hull treats 
(explicitly or by implication) specific intervening variables as “existential 
reals,” the possibility of direct operational determination must remain 
open. This question shades over into our next topic. 

(2) “Reality status" o j Hull’s intervening variables. Questions having 
to do with the "reality status” of Hull’s theoretical constructs have long 
been matters of considerable controversy. Those who favor a consistent 
interpretation of Hull’s constructs as "purely behavioral” must maintain 
that Hull’s “intervening variables” are exclusively defined in terms of 
their stated relations to empirical variables which are unique to the 


language of behavior theory. The alternate possibility is that some or ali 
of what Hull’s calls his “intervening variables” are defined in such a way 
as to assert or imply “existential” referents which correspond to entities 
dealt with at a different linguistic level (e.g., the language of physiology, 
biochemistry, etc.). Theoretical variables of this latter variety would 
correspond to what MacCorquodale and Meehl (93) have termed "hypo- 
thetical constructs," in contradistinction to functionally constituted, non- 
ontologically-significant, "intervening variables.” 

The only source from which the meaning of a theoretical term can be 
inferred is the totality of its definitional specifications (implicit, explicit 
and empirical) , and its detailed contextual usage within the theory. There 
is no doubt that the postulates, text and glossary of Pr.B. contain many 
statements which impute physiological referents (and other ' existence 
properties) to some, and perhaps all, “intervening variables. _ Although 
the presence of such existence assertions and implications is easy to 
detect the precise content of such ontological attributions, in the case 
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graphs, we will be concerned with two questions (1) the mode oj defini- 
tion of the intervening variables, and (2) their reality status 

(1) Mode of definition The postulate set constitutes the implicit 
definition (85) of the intervening variables As we have already noted, 
in Pr B intervening variables are introduced in each case by specified 
linkages (asserted within postulates) to (1) independent variables, (2) 
other intervening variables, and (3) dependent variables These func- 
tional relationships are specified in a general way m the verbal formula- 
tion of the postulates, and (presumably) more concretely in the “mathe- 
matical” statements given for most of the postulates 
In an empirical system, terms given implicit definition may also be 
subjected to other classes of definition viz , explicit and empirical or 
operational definitions In “interpretive” systems, “coordinating defini- 
tion” may also be distinguished, but Hull's theory is not of this variety 
(cf 85) 

Since Pr B is far from a fully formalized theory, it is difficult to 
determine whether explicit definitions are intended for any of the inter- 
vening variables In Mathematico-Deductive Theory of Rote Learning 
(51), which is highly formalized, the intervening variables (“symbolic 
constructs”) are introduced “as undefined terms” — l e , they have the 
acknowledged role of “primitives ” Pr B , however, states only postulates 
m “formal” fashion, definitions not being formally indicated Neverthe- 
less, the embedding discussion provided by the text attributes many prop- 
erties to the intervening variables as over and above those assigned by 
the postulates We cite but one example 

The dnve concept, for example, is proposed as a common denominator of all 
primary motivations, whether due to food privation, water privation, thermal 
deviations from the optimum tissue injury, the action of sex hormones or other 
causes (p 239) Most, if not all, primary needs appear to generate and 
throw into the blood stream more or less characteristic chemical substances or 
else to withdraw a characteristic substance It appears probable that when 
blood which contains certain chemical substances thrown into it as the result 
of states of need, or which lacks certain substances as the result of other states 
of need, bathes the neural structures which constitute the anatomical basis of 
habit (flffjj), the conductivity of these structures is augmented through lowered 
resistance either in the central neural tissue or at the effector end of the con 
nection, or both (pp 240 241) 

Whether certain of these embedding statements could be assigned the 
status of explicit definitions is an arbitrary matter for a theory in the 
form of Pr B Decision would depend on whether Hull regards such 
statements as “extra-systemic” aids to understanding, or as intrinsic to 
the theory It could, we think, be argued that certain of these statements 
must necessarily be regarded as parts of the theory, but which specific 
statements would constitute explicit definitions, which empirical defini- 
tions (or parts of empirical definitions) , and which would be assimilated 
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"neurological hypothesis,” pp 167-169, the discussion of the "possible 
submolar causes” of s O Xl pp 309-310) 

It must be emphasized that the extent to which each of Hull's interven- 
ing variables implies "physiological existents” is a separate question, re- 
quiring detailed analysis in each case There are certainly wide differences 
m specificity of physiological {or ontological) reference In a general 
way, one could contend that the Type I intervenmgs, which clearly func- 
tion as the immediate mtra organismic surrogates for the independent 
variable factors of the theory, probably carry the strongest (physiologi- 
cal) existence implications among the three types An “afferent impulse 
would seem to be just that (among other things assumed by the pos- 
tulates in which the expression occurs) and an “effector activity,” just 
that Drive (and “need” 10 ) is certainly correlated with a physiological 
existent, and so, we would contend, is the intervening variable sense of G 
(the physiological events correlated with need reduction which act so as 
to strengthen s Cy s) 

Type II and Type III intervenmgs seem to correspond somewhat more 
roughly to physiological “reals” than Type I concepts Type I variables 
seem to be set up in such a way as to imply physiological referents which 
"possess” most or all of the properties winch the identical sign vehicles 
denote when used in the language of physiology Type II and Type III 
intervenmgs, by and large, imply physiological referents of which the 
variables, as postulated, are a highly abstractive or selective function 

4 Interrelations Among Constructs 
The relations interconnecting the three classes of variables of the 
theory of Pr B aie of course, exhibited by the verbal formulations and 
the corresponding 1 mathematical statements” of the postulates Diagram- 
matic and tabular recapitulations of the construct interrelations asserted 
by the postulates which introduce the chief intervening variables of the 
theory are given m Fig 1, and Tables 1, 2 and 3 of the present report 
In this section we will (1) summarize certain general characteristics 
of the construct interrelations asserted by the theory of Pr B , and (2) 
present an initial survey of certain indetermmacies m construct interrela- 
tions The discussions of this section are intended as merely a prehmmarj- 
limning in of the issues Many of the problems connected with construct 
interrelations can only be dealt with in terms of extensive analysis of 
Hull’s techniques of quantification, and the empirical aspects of his 
methods of postulate construction These issues will be considered in later 
parts of the report 

a General characteristics of construct interrelations The variable 
linkages asserted by the postulates are constructed from a variety of 

30 The"re]ation between 'drive and ‘need ’ M one of tie enigmas of PrS 
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of each concept, is very difficult to reconstruct This is only partly because 
of the scattered, informal and often inconsistent nature of the definitional 
specifications in Pr B , the difficulty is compounded by Hull's apparent 
inability to adopt a determinate metatheoretical position about the 
reality status of his concepts We saw this to be the case in discussing 
Hull’s orienting attitudes with respect to “level of analysis,” earlier in the 
report (cf pp 13-15, this report) The net result is the paradox of a 
“molar behavior” theorist who seeks to derive all behavioral relations 
from the “afferent impulse” and the “efferent discharge ” 

There is no particular point in attempting reconstruction of the physi- 
ological existence properties imputed to each concept Evidence that such 
properties are introduced is easily marshaled In summary fashion, we 
may cite the following 

(1) Hull leaves little room for doubt that his intention is at least to 
guide the choice of his concepts by the requirements of extant neuro- 
physiological knowledge (cf p 14, this report) 

(2) There is no question but that certain of the “sign vehicles” in 
the postulates of Pr B appear also in the language systems of such 
disciplines as neurophysiology and neuroanatomy Take for example 
“afferent impulse,” “receptor,” “central nervous tissue” (postulate 1, p 
47), “afferent neural impulse,” “nervous system” (postulate 2, p 47), 
“effector activity,” “receptor activity” (postulate 4, p 178) There is 
also no doubt that the usage of certain of these sign vehicles, within the 
postulates, is more than roughly similar to their usage within physiology 
We need go no further than the first sentence of postulate 1 (p 47) 

When a stimulus energy (S) impinges on a suitable receptor organ, an 
afferent neural impulse (s) is generated and is propagated along connected 
fibrous branches of nerve cells in the general direction of the effector organs, via 
the brain 

(3) It is evident that many statements may be found at various points 
in the textual embedding discussion of key intervening variables which 
directly impute physiological referents to such variables For instance 
(P 102) 

it is important to note that habit strength cannot be determined by 
direct observation, since it exists as an organization as yet largely unknown, 
hidden within the complex structure of the nervous system 

It is evident, further, that in the text Hull discusses, sometimes in con- 
siderable detail, possible phj Biological mechanisms which correspond to 
various of his intervening variables Occasionally, Hull goes out of his 
way to show the possibility of deriving "molar behavioral,” intervening 
variable properties from "neurological” or "submolar” factors (eg, the 

deduction ’ of the relations between S-R asynchronism and glia from a 
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b. A sampling of mdeterminacies in construct interrelations. Our 
purpose here is to make an initial test of the extent to which the relation- 
ships specified in the postulates conform to Hull’s demand that all mde- 
pendent-mtervening-dependent variable interconnections be specified by 
unambiguous functional relationships We confine the present discussion 
to a number of brief exhibits which demonstrate a failure to characterize 
the functions linking the variables in question with sufficient specificity 
or completeness to permit passage from the antecedent variable (s) to 
the next m the chain Many of the grounds for such indeterminacy have 
of course, already been considered in previous discussions Many addi- 
tional sources and varieties of indeterminacy will be considered in the 
subsequent division on “Methodological Characteristics,” and m further 
portions of the report 

We should state at the outset that Hull’s inability to do more than 
adumbrate his construct interrelations in a programmatic and indeter- 
minate way may be a reflection of the empincal and methodological 
limitations on the theoretically feasible m current psychology, rather than 
an indictment of Hull But it seems particularly important to point up 
such indeterminacy because of the danger that it may remain hidden 
under the apparent formality and detail of Hull's presentation 

We begin with consideration of postulate 4 because this critical prin- 
ciple of the theory illustrates several sources of indeterminacy m con- 
struct-linkages which are typical of many of the other postulates We 
then continue with a sample of further exhibits 

Postulate J, Perhaps the pivotal intervening variable of the theory— 
b Hk (and Asffa)— cannot be determmately calculated because 

(a) It is expressed m terms of an operationally meaningless program- 
matic unifr— the “hab ” 

(b) By admission of Hull, the defining functions given both verbally 
and in the equational form represent only a subset of the functions 
which generate sHr (cf p 181) The “intensity of the conditioned 
stimulus” and the vigor or intensity of the reaction” are indicated 
as additional possible systematic independent variables which may 
require linkage to sHr 

(c) No adequate explication (operational definition) is given of the 
significance of certain of the systematic independent variables 
which appear m postulate 4 as determinants of s Hx— notably G, 
and G in the verbal form 0 / the postulate, and what is apparently 
the representation of both of these m the mathematical statement 
—to The ambiguities of G have already been sampled G is 
nowhere defined, except implicitly m verbal postulate 4, as a 
stimulus associated with need diminution The i enable vis vari- 
ously referred to as ' the magnitude 0 / a reinforcing agent (p oOS) 
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sources The majority are based on empirical equations fitted to the data 
of empirical behavior studies, the experimental independent and depend- 
ent variables of which are taken as “realizations” of the theoretical vari- 
ables under consideration In such cases, the particular experiments used 
to suggest construct interrelations may either be designed for the purpose 
(e g , Hovland’s studies in connection with postulate 5 on “stimulus 
generalization,” pp 183-190, the Perm-Williams study m connection with 
postulate 7 on “primary motivation,” pp 226-257) , or selected as the 
best available evidence (e g ,) the Gnndley experiment in connection 
with the relation between S H R and “amount of need reduction,” pp 
125-127) Some of the construct linkages seem based on a complex ad- 
mixture of “rational” and “empirical” considerations (cf discussion of 
b Hr as a function of N m section on quantification pp 74-78, this report) 
A number of postulates which assert only “qualitative” construct inter- 
relations (no “mathematical” statements being given) seem based pri- 
marily on rational considerations (e g , postulate 2 on “neural interaction,” 
pp 342-347, postulate 3 concerning “innate behavior” as related to “con- 
ditions of need,” pp 57-67, postulate 11 on the “reaction threshold,” p 
344, and postulate 16, p 344, on “the competition of incompatible 
reaction potentials”) Although the inductive basis for most of the pos- 
tulated functions derives from behavior experimentation, at least one 
major construct linkage — the relation between “stimulus energy” (<S) 
and the “afferent neural impulse” (s) — seems directly based on neuro- 
physiological evidence 

Much confusion seems to exist about the degree of quantitative speci- 
ficity of the construct linkages m PrB This issue will be discussed in 
some detail in a subsequent consideration of quantification Here we 
should note that in most instances Hull attempts to specify the type of 
mathematical function form relating the theoretical variables under con- 
sideration In the “mathematical” statements of the postulates, this is 
done in terms of equations which exhibit the function form in mathemat- 
ical notation, but do not include values for the various empirical con- 
stants In the verbal formulations of each of the postulates, function 
forms are identified in terms of a verbal paraphrase having one or another 
degree of specificity — e g , “positive growth function,” “negative growth 
function,” “negative function,” “nses quickly to a maximum fol- 
lowing which it gradually falls,” “increasing monotonic function,” “nega- 
tnely accelerated decreasing monotonic function ” Despite a popular 
impression to the contrary, the theory of Pr B does not provide “mathe- 
matical statements” for all of its postulates Three postulates (1,2 and 
3) are gi\en only in the \crbal form, without equational supplementation 
In the case of two other postulates (11 and 16), the so-called “mathe- 
matical statements” are translations of the verbal formulations into 
symbolic logic 
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mcnt” of every postulate in which concrete function forms are identified 
Postulate S ■ Tins postulate links s (afferent neural impulse) to S 
(afferent neural impulse ns modified by neural interaction) The indeter- 
minacy of postulate 2 has often been noted The "neural interaction” 
principle fails to specify the conditions determining the amount and 
character of neural interaction effects beyond 


Other things equal, the magnitude of the interaction effect of one afferent 
impulse upon a second is an increasing monotomc function of the first (p 47) 

The postulate on neural interaction thus functions as a blank form which 
must be set at arbitrary -values m ad hoc fashion any time it is used in 
dcru ntions It should n!<o be indicated that this postulate has a peculiar 
importance in that it must, in principle, be used in every derivation of 
the system (l e , s must always he transformed into 5 at the moment of 
generation) Indeed s, per se, seems to be some kind of limiting abstrac- 
tion 

Postulate B This assumption introduces an intervening variable, D, 
and links this to another intervening, S D , but, as lias already been indi- 
cated, does not specify any functional rclntion linking D to any inde- 
pendent a nnable Discussion is given to a number of the relevant prob- 
lems in the text of PrB (p 239), and in other connections (of Fig 1, 
abo glossary PrB , p 403) a systematic independent variable C D , pre- 
sumably constitutive of D, is introduced But to the extent that the pos- 
tulates define the content of the theory of PrB , C n is not a part of the 
theory, and hence another relational gap exists in the construct chain 

Postulates 8 and 9 The inhibition postulates are ambiguous with 
regard to which independent variables arc related to la as against In 
(cf pp 37-39, this report) This means that, given the independent vari- 
ables acknowledged by the theory, we cannot determinately calculate 
In or In, and therefore B In and sEr 

Postulate IB The assumption about "the competition of incom- 
patible reaction potentials” suffers from much the same order of in- 
determinacy as does postulate 2 This postulate is admittedly a simpli- 
fying assumption which asserts that 


When the reaction potentials to two or mere incompatible reactions 
occur in an organism at the same time, only the reaction whose momentaiy 
effective reaction potential is greatest will be evoked (p 344) 

Hull acknowledges that experimentation suggests the occurrence of "as- 
sociative inhibition” under such circumstances but he is not prepared 
to state the function determining “possible generalised inhibitory tend- 
encies ” Such caution is highly commendable but it is easy to forget that 
the absence of a determinate functional specification at this place makes 
postulate 16 another “blank form" assumption, in a sense similar to 
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or “a constant change in a measurable objective criterion which 
results in a need reduction” (p. 178). Actually, w, which elsewhere 
(Ch. XX of Pr.B.) is held to represent all empirical events asso- 
ciated with quantity and quality of reward, is completely program- 
matic as a measurable independent variable. 

(d) No adequate discussion is given of the meaning of the critical 
empirical constants k, j, u , and i. As in the case of all empirical 
constants of the system, one is left in the dark as to the intended 
generality of these constants, and as to the method for determining 
them for any empirical context other than the context of initial 
determination. 

In performing actual derivations, or in any exemplary application of 
the theory, the most that can be done with postulate 4 is to make an 
arbitrary estimate of E H R on the basis of “intuitive” weightings of the 
contributions of the determining variables. Or, in concrete experimental 
contexts, one can assign a rough ordinal “value” to B H R , based on the 
“setting” of the experimental independent variable, when conditions are 
such that the remaining parameters can be regarded as constant. 

It would be boresome to spell out similar points for each of the remain- 
ing postulates to which they are relevant. In general : 

Point (a) ( empirically meaningless units) holds for all further inter- 
vening variables built up from B H R in the postulated chain. Further 
sources of indeterminacy come in with the introduction of the “mote” as 
the unit of drive intensity, the “wat” as the unit for reaction potential and 
the “pav” as the unit for I R (or is it Ik? — H ull is not clear concerning his 
intention here) . 

Point (b) ( specification of a subset of the determining functions) 
probably holds for a number of postulates other than those for which 
Hull explicitly acknowledges such incompleteness. In a very general sense, 
all of the postulates are suspect from this point of view, since it would 
indeed be surprising if, in the present state of empirical knowledge, Hull 
had correctly identified all of the determining variables for each of the 
intervenings in the theory. It would be still more surprising if some single 
“standard” function could adequately represent the relations between the 
independent and intervening variables. Thus, for example, it would seem 
sanguine to expect that all generalization gradients under all circum- 
stances will assume the form of the “negative growth function” posited 
in postulate 5. 

Point (c) ( inadequate operational definition of independent variables) 
holds, ns we have seen, for many of the independent variables introduced 
in connection with other postulates: c.g., IF, S, R, C D , d. 

Point (d) [insufficient explication of empirical constants) holds for 
all postulates in which constants appear, i.c., the “mathematical state- 
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in our field, it becomes essential to determine the limits within which 
emulation of the model might prove desirable 
There is perhaps some contusion among psychological methodologists 
ns to standards of explicitness of nxiomntization in science Only in certain 
of the systems of symbolic logic do wc find a close approximation to 
“complete” explicitness of axiomatizntion fie, with full statement of 
rules of inference, careful distinction between syntax and object lan- 
guage, consistency, independence, and completeness proofs, etc) Even 
within symbolic logic, maximum explicitness is found ony in the 
“poorer” systems (eg, systems like the sentential calculus) Mathe 
mntical systems vary widely in explicitness of axiomatization, but as 
T group h y are Ics^ explicitly formalized than logical calculi F.na ly, 
m general, the empirical systematizations of physical science are con- 
siderably less exphedi than axlomatlzatlon is not, 

JfTCtm X ^Cher.Vempincal theorist must carefully 
m itself, P , f f u ]|y explicit axlomatlzatlon, against the 

^'Tthor m o v d in appl^mlting this, and the joint dangers of 
great labor flnd PP nca l hollowness that are attendant upon 

conceptual mflexib J Although no codified rules exist to facilitate 
premature formahzat o Alth f 8 ^ OTtena must be brought to 

such decisions, a i »P ! of axlom at.zat.on to the characteristics 
bear on adapting the exp and to the requirements, existing 

of the material under ^ mters ; bjcctivl ty of reference among the 

at the given time, f° r «o ,, E s falrly evident that the practice in 
investigators rn the fied achieve) rather less explicitness of 

psychology has been t a would make desirable This should 

axiomatization than » ^ ^ posslb)e to subject certain classes of 

empmeat mlationships to a more explicit level of ax.omatizat.on than 

may be desirable f exp l !C1 tness are characteristic of the 

Recall that different 1 “ th at Hull has put forward (1) 

four types of theoretical fornmlationa t 34 35> 38) , (2) the 

the early informal articles (eg, . 

• , ■ . rtTTir ,ipv and subtle decisions of this order can ever 

uTf I3 naive to expect that „ ethod ological roles Nevertheless issues 

be derived from some standard various components of formal procedure 

5® to do with the relations between their application are in need of much 
b nd the pragmatic conditions which 1 u- y unfortunately the various models of 
and the prag met hodologists ? f . scl ' a 'L so „ h era of science have been derived 

mmricaTStemaLation advocated by / t h heoretlca l f or mulat,ons mainly in 

n miical reconstruction from higUy jural models before psychofopsta 

by logical re values 0 f settmg suen p h ilUons under which 

physics The heuristic must be made to spec Uy t areM of ht>Iogy 

deductive systems 
physics 
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that of postulate 2. And it should be noticed that, like postulate 2, 
postulate 16 is, from a literal point of view, relevant to every application 
of the theory to concrete behavior situations. 

Before leaving this section, it should be noted that a multiplication of 
indeterminacy of construct-interrelations may arise from the possibility 
that certain members of the postulate set are non-consistent. “Consist- 
ency,” as we shall later have occasion to note, is extremely difficult to 
evaluate in a complex empirical postulate set — particularly a tentative 
and programmatic one. Nevertheless, the part of postulate 8 which as- 
sumes that “the amount of net inhibition (1 R ) generated by a sequence 
of reaction evocations is a simple linear increasing function of the 
number of evocations” seems to imply consequences which could confiic 
with the implications of the positive growth relationship between habit 
strength and number of reinforcements (AO . In any case, the rules for 
applying these assumptions jointly in derivations need clarification, 1 
“absurd” results are to be avoided. 

C. METHODOLOGICAL CHARACTERISTICS 

In the preceding division of the report, we considered, independently, 
the chief components — data language, independent and dependent van - 
ables, intervening variables, construct interrelations — which mutually 
determine the structure of the theory of Pr.B. In the present division, 
we are concerned with certain of the formal and mathematical charac- 
teristics of that theoretical structure. Since Hull’s theoretical objectives, 
both in terms of long-range orienting attitudes and specifically in the 
formulation of Pr.B., are hypothetico-deductive and quantitative, it be- 
comes of the first importance to examine the theory in the light of the 
criteria of hypothetico-deductive and mathematical procedures. Such 
inquiry should enable us to test the degree of correspondence between 
Hull’s explicit aims and his achievement in Pr.B. It should also give 
us additional insight into the methods of theory construction which de- 
termine the theoretical structure already considered. Accordingly, in this 
division of the report, we examine the theory of Pr.B. in terms of 
(1) explicitness of axiomatization, (2) techniques of quantification and 
postulate construction, and (3) techniques of derivation. 

1. Explicitness of Axiomatization 

If we assign rank-order grades among the influential learning theorists 
of the past few decades with respect to explicitness of axiomatization, 
Hull unquestionably comes out as top man in the class. Although it is 
customary to recognize this, and to point to Hull’s work as a model of 
formal precision within the field of behavior theory, it may still be 
useful to n'se^s the status of Hull’s axiomatic procedures on a less rela- 
tive scale. Indeed, if Hull’s formulations arc to serve as models of rigor 
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In summary fashion, the general situation with regard to explicitness 
of axiomatization in PrB may be stated as follows 

(1) The level 0/ explicitness aimed at is m some respects too “high” 
and in some respects too “low” (in relation both to the character of the 
material under systematization, and the demands of rigor and communi- 
cation) Specifically, an unrealistic level of explicitness is attempted m 
the quantitative formulation of the postulates, while the “explicitness” 
objective seems too modest in the case of definitions 

(2) The over-all level of explicitness achieved falls short of the over- 
all level aimed for, or at least it falls short of the impression of explicit- 
ness that Hull apparently tned to create 

This gap between intended (or suggested) explicitness and achieve- 
ment is a senous matter The formalistic impression created by the 
elaborate verbiage of the postulates, the many symbols, and the mathe- 
matical trim tends to obscure many sources of ambiguity m the theory 
Specification of formal, explicit and empirical definitions might either 
have exposed many of these ambiguities, or eliminated them 

In the consideration of the structure of the theory, we had occasion 
to note many examples of ambiguity in the definitions of the three classes 
of theoretical variables, and in the specification of their functional inter- 
connections Gathering certain of these departures from explicitness to- 
gether, we may classify some of the principle sources of ambiguity in 
the following way 


(1) Discrepancies between text, verba! formulations of postulates, and 
mathematical formulations of postulates (in any combination) 

(2) Omissions in formulations of postulates of qualifications made in 
the text 

(3) Surreptitious shifts in the usage of presumably the same varia- 
bles in different postulates 

(4) Downright ambiguity of the postulates due to insufficient explica- 
tion of terms anywhere 


The first two sources of ambiguity (discrepancies between text, verbal, 
and mathematical formulations of postulates, and omissions of qualifies- 
tions) have been amply illustrated in the discussion of independent and 
dependent variables (of pp 25 46, this report) intervening variables 
(pp 46-51) , and construct interrelations (pp 51-56) Similarly, as regards 
item (4) (“downright ambiguity”), we have seen that certain of the 
postulates — e g , pestulates 8 and 9 on mbibition-defy unequivocal 
interpretation, no matter what combination of the relevant formulations 
(verbal or mathematical postulates, text) are considered A* 'or ’tern 

(3) — surreptitious shifts in the use of variables from one postulate to 
another-our consideration of the “stimulus" and response vanables 
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verbally formulated, qualitative “miniature” systems (39, 42, 47), (3) 
the partially “quantified” postulate set of Pr.B., and (4) the highly 
formalized Mathematico-Deductive Theory of Rote Learning ( 51 ). Even 
in the early theoretical articles, Hull attempted greater explicitness 
of formulation than is evident in the writings of most learning theorists. 

It is entirely possible that Hull has in certain contexts aimed for a 
more explicit degree of axiomatization that would be desirable on the 
basis of criteria similar to those discussed above. This seems to have 
been the case in Mathematico-Deductive Theory of Rote Learning (51) 
which represents, by intention at least, a more explicit level of formaliza- 
tion than most theories in physics. In this work, each of the 18 postulates 
is stated both verbally, and in a combination of the language of 
symbolic logic and mathematics. Eighty- six explicit definitions are con- 
structed from 16 primitive terms, and are also stated alternately in 
English and symbolic logic. Theorems are derived mathematically, and 
these derivations are explicated by alternate ones in English. Only one 
sample proof is carried out in symbolic logic; it is the proof of “Corol- 
lary 1 of Postulate 1,” and it requires the prior derivation of 50 theorems 
before the symbolic expression of the corollary may be written as a 
derived statement. The obsessive degree of axiomatization of this work 
can, however, be justified by Hull’s desire to put forward a model theory. 
The subtitle of the book is A Study in Scientific Methodology, and as 
such a study the system represents an important contribution. At the 
other extreme, it may be significant to note that the least explicitly 
axiomatized of Hull’s formulations — the early articles — seem among his 
most fruitful and suggestive contributions. 

In Pr.B., the status with regard to explicit axiomatic treatment is 
quite complex. Hull’s intention in this book is primarily to present the 
•postulate set for a general theory of behavior, and not to provide any 
detailed elaboration of the consequences of this theory. Thus “only a 
random sampling of some fifty or so secondary principles (corollaries) 
is included in the . . . volume," and “these are given chiefly for pur- 
poses of illustrating the meaning of the primary principles" (p- 398). 
Since the purpose of the book was restricted to the elucidation of postu- 
lates, there is every reason to expect great care in insuring the explicit- 
ness and umvocality of what these postulates assert, and what the text 
says that they assert. Among other things this would mean the specifi- 
cation or careful and consistent explicit and operational definitions for 
! nan J r rut i tC .? S Which occur in the Postulates. It would have mnt- 

Cr f 1 ° T ', 1C ^ Cr ^ 1C . res °urces of symbolic logic or other formalistic 
embellishments were utilized, for there was no evident intention to carry 
out rigorous formal derivations. The chief requisite would have been 
consistency and precision of reference within the resources of the English 
language and the notation of the theory. 
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wishes to stress one elucidatory passage in the text rather than another 
(or indeed on whether the text is given weight at all), whether the given 
postulate is considered in isolation from others or in conjunction with 
them, whether the interpreter reads one or multiple meanings into a 
given symbol, and whether the interpreter can construct some meaning- 
ful interpretation of postulates which seem equivocal m all contexts of 
the presentation Such deficiencies of communication are, of course, com- 
mon in informal and “literary" modes of presentation It is not our 
intention to draw an invidious contrast between the theory of PrB 
and certain less “formally" stated competing formulations In such in- 
formal presentations, however, one expects and is prepared for a certain 
“hiddenness” of axiomatization One js not comparably prepared for a 
possible vagueness of assumptional content when the trappings of postu- 
Iational technique are present Explicit identification of axioms does not 
necessarily entail explicit formulation of axioms It is important that 
theorists and analysts of theory guard against mistaking the former 
for the latter 

This section should not be concluded without brief reference to the 
problems connected with the consistency, independence and completeness 
of the postulates of Pr B All three of these desirable properties of postu- 
late sets are very difficult to evaluate even in relatively simple formal 
systems (of logic and mathematics) So-called “proofs” of consistency, 
independence and completeness depend, in the first instance, on finding 
a specific interpretation (or set of interpretations) of the axiom set, in 
terms of a set of entities which are themselves accepted as consistent In 
a complex empirical postulate set (scientific theory) the problems are of 
an entirely different order Finding an alternate empirical 'interpreta- 
tion ” of a postulate set initially constructed for purposes of systematizing 
a complex empirical domain is, m most cases, out of the question Should 
such an interpretation be found, the chances of deciding consistency, 
independence or completeness would be no better than in the case of 
the original interpretation In general m empirical systems of any 
degree of complexity, whether the postulate set implies contradictory 
theorems, whether certain of the "postulates” are, in reality , derivable 
from others, and whether every relationship that can be constructed 
from the base (primitive terms and relations) of the theory is derivable 
as a theorem, can only be decided by patient inspection as the theory 

is elaborated , . 

It is of course, meaningless to raise questions about the complete- 
ness” of a theory having the status of that of PrB With regard to 
consistency and independence, ve may offer the following scattered con- 


siderations , , . . e 

A striking possibility of inconsistency an=cs as between elements of 
postulate 4 (reinforcement) and postulate 8 (inhibition) The groirt 
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has already implied this, but it may prove instructive to assemble the 

evidence at this place. 

Postulate 1, as we already know, links “stimulus energy,” S, to the 
“afferent neural impulse,” s. If we take this postulate, together with Hull's 
declared theoretical intentions (cf. quoted passage, p. 43, this report) 
seriously, it must follow that all other postulates be formulated in terms 
of s not S, and, whenever reaction becomes relevant, in terms of r not R. 
Postulate 2 on “afferent neural interaction” is, of necessity, consistent 
with this expectation, being formulated in terms of s. When we get to 
postulate 3, an ambiguity already creeps in, for although this postulate 
talks about unlearned “receptor effector connections” (p. 66), the symbol 
introduced to designate such connections is sUr, not t U r . The critical pos- 
tulate 4 shows a like ambiguity in that an increment of sHr is held to 
result from the temporal contiguity of “a receptor activity” and “an 
effector activity” («C r ), and, curiously enough, the symbol s Hr is implicitly 
defined as “an increment to a tendency (A s Hr) for that afferent impulse 
on later occasions to evoke that reaction ” (p. 178, ital. mine). Postulate 5 
also talks in terms of “afferent impulse s and s” (p. 199) as it introduces 
the concept Arriving at postulate 6, we find the “afferent impulse” 
phraseology completely absent as the “drive stimulus (&>)” is introduced 
(p. 253). (The “afferent impulse” symbolism would seem particularly ap- 
propriate in this case where the stimulation is typically “internal.”) 
Postulate 8 talks in terms of R, while postulate 9 talks about “stimuli (£) 
closely associated with the cessation of a response (ft)” (p. 300). Postulate 
11 is formulated in terms of “stimulus (£)” and “reaction ( R ),” while 
postulates 12 through 16 are uniformly expressed in terms of “reaction 
evocation,” “reaction,” or "responses.” 

One consequence of this tendency to shift indifferently as between 
S and s, R and r is the basic ambiguity which is conferred on the central 
construct of the theory — that of a habit connection (bHr) ■ Lcepcr (92) 
has already indicated that habit connections are treated in at least 
four different senses in PrJ?., namely as: (1) stimulus-response connec- 
tions, (2) receptor-effector connections, (3) zones of receptor-effector 
connections and (4) afferent neural impulse and efferent discharge con- 
nections (or afferent impulse and reaction connections). 6017/ 

On the basis of all of the foregoing considerations, we should under- 
line a highly instructive paradox. On the surface, the theory of Pr.ft. 
with its carefully labeled verbal postulates and their mathematical 
translations appears to be one of the most explicitly nxiomatized formu- 
latsons in psychology. Yet, close analysis brings so many dimensions of 
ambiguity into view that the apparently crisp contours of each postu- 
late, and the set as a whole, fades away into uncertainty. What a given 
ixi-tulatc of Pr.U. asserts will depend upon whether the interpretation i* 
thcmatical statement, whether the interpreter 
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represent some abstractive function of these phenomena It 
relevant to add that the postulate of behavioral oscillation 
a postulate in the 1949 theory 


may be 
remains 


2. Techniques of Quantification and Postulate Construction 

No aspect of Hull's procedure 3s more important for an understanding 
of the status of the theory of Pr B than his "quantitative” techniques 
In the discussion of onentative attitudes (pp 12-13, this report), and m 
other places, we have seen that the desire to achieve quantitative 
behavional laws dominated Hull’s efforts from the beginning of his 
theoretical career By 1940, Hull felt prepared to attempt the specifica- 
tion of quantitative postulates in the context of the limited-scope theory 
represented by Mathematico-Deductive Theory of Rote Learning (51) 
The publication of PrB , only two years later, represents Hull’s initial 
attempt to approximate the quantitative specification of a postulate 
set for a behavioral theory of unrestricted generality As we will later 
show in detail (cf Part II) , the terminal decade of Hull’s career — from 
1943 until his death — was ruled by the effort to translate the largely 
programmatic “quantification” of PrB into the substance of “genuine” 
quantification 

Introductory Considerations Perhaps the principal reason for the per- 
sistence of certain confusions about the status of Hull’s theory stems from 
failure to get the quantitative aspects of his procedure into proper perspec- 
tive To some extent, this failure reflects a certain superficiality in recent 
and current thinking about the place of mathematical and “quantitative” 
procedures within psychological theory We stand, at present, very far 
from the solution of many methodological (and creative mathematical) 
problems which must be resolved before attempts to achieve quantitative 
laws of any wide degree of generality can become rational If these prob- 
lems are far from solution, they are at least susceptible to formulation It 
is to Hull’s credit that he apparently perceived some of the problems 
which act as barriers against quantification Unfortunately, however, his 
desire to surmount them was so great that a clear definition of the bar- 
riers did not always register in his writing In many cases, the speed and 
vigor of the jump tended to blur the contours of what was being jumped 
over 

Any assessment of a theorist's quantitative procedures must start 
from the recognition that such procedures may figure m a plurality of 
contexts within any empirical theory In general, three such contexts 
may be distinguished 

(1) Procedures for the measurement of the (systematic) independent 
and dependent variables m terms of which the empirical laws of 
the theory are expressed 
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relationship linking 8 H R with N, seems capable of generating conse- 
quences incompatible with the linear relationship assumed to hold be- 
tween net inhibition (t R ) and the number of reaction evocations (ft), 
without further specification of more detailed characteristics of these 
two functions 12 

With regard to possible cases of nonindependence of postulates, it may 
be of interest to observe that Hull, himself, acknowledges two such 
instances The first has to do with postulate 9 which implicitly defines 
the construct of “conditioned inhibition” ( 8 I R ) It will be recalled that 
8 I R arises by virtue of stimuli “closely associated with the cessation of 
a response” becoming “conditioned to the inhibition ( I R ) associated with 
the evocation of the response” (p 300) Since I R is assumed, in the first 
instance, to constitute “a primary negative drive” which must dimmish 
with cessation of response, this might be interpreted as providing a 
source of primary reinforcement for the conditioning of the “closely 
associated” S to some such entity as the R of “muscular contraction” 
(thereby generating “negative habits” or tendencies not to respond) 
Indeed, the “alternate” assumption of s 7 R as a primitive mechanism in 
postulate 9, assuming as it does a direct linkage between a stimulus 
and a drive variable, seems to violate an implicit convention of the 
theory (and a reasonable one) to the effect that R processes and only 
R processes are attachable to S processes We will later see that, m the 
theory of 1949-1951, b Ir actually becomes a derived mechanism So far 
as can be determined, however, the shift in 1949 is made on no different 
a basis that it could have been made in 1943 In any event, the inhibitory 
assumptions are so unsatisfactory in form in both theories that the 
question of whether 8 I R be best treated as primitive or derived becomes 
an idle concern 

A second principle pointed to by Hull as possibly nonindependent is 
postulate 10 on “behavioral oscillation ” Hull suggests (p 320) that “in 
the present system, the principle of oscillation seems to be shifting from 
the status of a postulate or primitive principle to that of a theorem or 
secondary principle,” but gives no grounds for this belief If Hull were 
to remain consistent with the discussion of oscillation in Pr B , the 
derivation” of 8 0 R could only have been mediated via such “submolar” 
considerations ns the random “spontaneous firing” of nerve cells and the 
■variability in the reaction thresholds of axon fibers (together wnth such 
postulated principles as neural interaction and generalization) Such a 
dem ation” w ould entail the introduction into the theory of one or more 
postulates averting the existence of these physiological phenomena, or 
at least defining the characteristics of some vanable or variables which 

u n w interesting to note that in the 1 040-1051 postulate sets alterations of ft 
port which remote this possibility of inconsistency are evident in the inhibition 
asrumptions (ef Part II p Hi) 



65 


CLARK L. HULL 

(1) AH alternate experimental variables to which a given mdepend- 
ent variable is reducible (c g , the various sets of empirical conditions 
constitutive of hunger, thirst, sex, etc , etc in the case of such a system- 
atic independent variable as C v ) must be brought to converge by 
appropriate ‘'scaling" techniques on a common quantitatively consti- 
tuted intervening variable (c g , “drive”) 

(2) The intervening variable chain must be so constituted that a 
terminal value may be calculated (e g , s S B ) which leads by quantita- 
tively consistent divergent relations to all empirical instances of all 
systematic dependent variables of the theory (e g , the scaling of sEn 
and its associate dependent variables must be such that any a E B value 
is translatable into mensurationally consistent values of p or or 
n or A, for any instance of R whatsoever) 

From such issues as were mentioned above, it is clear that mensura- 
tional problems concerning independent and dependent variables dove- 
tail with problems concerning the nature of the function forms which 
the theonst seeks to specify in the lawful statements of his theory In 
general, what is meant by a “mathematical” or "quantitative” function 
is itself vague in current usage Classifying stated function forms as 
“quantitative” or “qualitative” is to make a very crass dichotomy, the 
“quantitativeness” of a functional relation may vary over a wide range 
of specificity m the mathematical description of the relationship Cur- 
rent usage in psychological methodology would probably agree in re- 
garding as a “qualitative” function statements of functional dependency 
between variables which go no further than an indication of “direction” 
(eg, “positive," “negative”) of the relationship (although strict ad- 
herence to the logistic interpretation of mathematics must demand that 
even such a function be regarded as “mathematical”) A more “quanti- 
tative” specification of function forms might involve a more detailed 
description of the trend or “shape” of the relation (e g , “positively ac- 
celerated increasing”) Progressively higher degrees of "quantitativeness” 
may involve an identification of equational type (eg, “exponential,” 
“positive growth") , or an identification of equational type together with 
specification of parametric values (le, estimates of empirical con- 
stants) 13 Clearly, the order of “measurement” to which the independent 
and dependent variables of the theory seem actually or potentially sus- 
ceptible will determine the degree of function-quantification which is 
rationally feasible (e g , should the type of measurement preclude mean- 
ingful “additive” operations, the specification of highly quantitative 
functions becomes an empty objective) Contrariwise, the level of func- 
tion-quantification sought must delimit the types of independent and 
dependent variables which are open to the theonst, and must influence 


an 


'Each degree 
interval on a 


of the * quantitative" mentioned above must itself be regarded as 
continuum containing further sub-variations 
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(2) Statement of the mathematical form , at one level of determmacy 
or another, of the functions relating any given variable or set of 
variables to another 

(3) Rules of inference m the derivation of theorems from postulates 

The first two contexts of mathematical application are of 'primary 
importance, because they uniquely determine the manner and extent to 
which mathematical principles may function as “rules of inference” in 
mediating derivations Problems relevant to the construction of quan- 
titative theory center, then, in "contexts” (1) (the mensuration of 
empirical variables) and (2) (the specification of function forms) Al- 
though there are special problems characteristic of each context, fruitful 
solutions to problems in either can only be achieved in the light of 
requirements established by the other 

It cannot be our purpose here to consider in detail the problems that 
confront the behavior theorist with quantitative intentions in each of 
these areas Certain of the more conspicuously moot ones must, however, 
e mentioned First, it should be noted that systematic independent and 
dependent variables must be susceptible to an order of “measurement” 
which might pragmatically legitimate the effort to specify function forms 
to the degree of mathematical precision sought Without going into the 
subtleties of the problem of measurement, this at least means that the 
icons must give careful thought to such matters as whether explicit 
mathematical functions fitted to the values of independent and dependent 
varia cs aving only “ordinal” significance can have predictive em- 
pirical significance, and if so to what extent Whatever the level of 
^onst believes attainable, he must take precautions 
ic sea e which is ordered to a given independent or dependent 
amble is ordered to that variable as it functions within the theory (i e , 
ntirtinnw? tC m at . a ' an E ua S e usage) , and not to a homonym u hich m 
P ays n .° r0 0 wnthin the theory (e g , independent variable S 
miv n fm/r e measurable in several extensive dimensions, but this 

mdLeml h °t 7 “I a ° tUally USCd m the theor y> A S aln - whether the 
or d “rnt.o“ 01 i dep . C " dc " t vanabIcs bo orderablc to “ordinal,” "interval,” 
whether (be T’ ^ llC ° nSt mUSt COnS,dcr " lth care the question of 

P , r ° CCdUrC h ° lds fOT a subscl (° r a ™gle on a > ^ thc 

™,nc»T nt P 0r dcpcndcnt wambles to which Ins systematic 

nUy identified in t^?, ^i'^’ ° r f ° r thc ' a ™Wes actu- 

the functional “’'/Y lttnEua S° f c 5 1 a scale for “differences” m 

a tnbmc dr omo , 3 ! r St ' mUh ” at d,fTcrcnt polnts ™ a 
“Xablc o X rr frcqUCnCi ' ln tcr ™ ° ! J » d units, may not be 
S cenmlitx o m 6t,muIat '° n > further, if the theorist seeks 
ndtm, to an .ntL qU ' > at, ' C Ia " ful re,a “ onsI "P3, ns he must if he 
icquiremcnts a, tlTfonowmE P3r,Ui,Em ’ hC mUSt fU ' fi " SOm ° ™ Ch 
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cisely the same criterion as the rational equation— empirical test of its 
consequences It is, of course, more than unlikely that an empirical 
equation will prove satisfactory without some degree of modification 
on a rational basis It is, perhaps, even less likely that a “rational” 
equation will prove satisfactory without further modification in the light 
of its empirical consequences 

A final poinf^-which applies with peculiar force to Hull— is this 
Should the theorist employ intervening variables, and should he assert 
the option of using "empirical” curve-fittmg methods m order to "dis- 
cover” relations among them (or relations connecting mtervenings with 
systematic independents and dependents), it becomes particularly im- 
portant that the intervening variables not be crudely identified with 
their "realizations” m terms of the specific experimental independent and 
dependent variables used to suggest their functional relations In other 
words, in the case of intervening variables, it becomes especially unwise 
to transfer the obtained relationships from the experimental variables of 
curve-fitting experiments directly to the "corresponding” intervening 
variables For the intervening variable functions , u (if the use of inter- 
vening variables is to serve any purpose) must express relationships of 
great generality Such functions must, by definition, be far fewer in 
number than the total set of direct functional relationships between 
the systematic independent and dependent variables which could be 
presumed capable of generating the same set of deductive consequences 
Intervening variable functions, therefore, must be gotten at by indirect 
means , if they can be "gotten at” at all This means that a generous 
component of the "rational” must figure in the construction of “success- 
ful” intervening variable functions And this necessitates, in turn, an 


enormous component of luck 

With these considerations in mind, we may now proceed to the dis- 
cussion of (a) Hull’s techniques for the measurement of independent and 
dependent variables , and (b) Hull’s methods for the construction of 
" quantitative ” functions 

a Techniques for measurement of independent and dependent van 
ables. There is no question but that Hull’s intentions with respect to 
"level of quantification” of intervening variable functions were extremely 
bold Although, in PrB , he was content to hold himself to the identifica- 
tion of equation types, both h is stated aims and subsequent efforts (cf 
Part II) make it quite clear that his sights were set on the specification 
of equation type together with estimates of parameters This being the 
case, it was essential that the independent and dependen ■vana es o 


“An “mtervenmg viable tocton’’ « 

a anables, - ,n,cn=.n e 


and dependent variables 



66 


MODERN LEARNING THEORY 


the theorist’s programmatic commitments towards achieving the measure- 
ment of these variables. 

An important dimension of variation among empirical functions might 
be loosely characterized as the generality of the relationship. This would 
refer to: (a) the range of “reductive symptoms” to which the inde- 
pendent and dependent variables of the function are reducible and for 
which the asserted relationship holds within “acceptable” probability 
limits, and (6) the range of variation in the empirical conditions, pre- 
sumably independent of the variables related by the function, over which 
the function holds. At least in psychological theory, a prime difficulty 
seems to be that the higher the “degree of quantification” of function 
forms attempted, the lower is the empirical generality of the function 
likely to be. At bottom, this inverse relation between degree of quanti- 
tative specificity and empirical generality is probably related to a failure 
to identify the “right” empirical variables (if there are “right” variables, 
m this sense, in psychology), and to the inappropriateness of the order 
o mensurability of these variables to the mathematical requirements of 
. function-specifications. Be this as it may, it is clear that the “quan- 
titative” behavior theorist must carefully balance the “level” of his 
quantitative intentions against the demand for empirical generality of 
functions. 


wi , of course, be seen that the problem of arriving at the specifica- 
! 0n 0 unction forms is essentially the problem of postulate construe - 
ion, or t e postulates are the “primitive” statements which assert 
Junctional relationships among the theoretical variables. Against the 
ac 'Syoun of such problems as have been limned in above, the 
quantitatively oriented behavior theorist must make a set of difficult 

♦S° nS K b0 * Ut «^ 0 T beSt to arrive at his P° s tulates. The language for 
talking about techniques” of empirical postulate construction is as 
ague as current knowledge about such “methodology.” Two extremes on 
7*? J n P c C f>, aP » a ' ont ^ uura of Possible approaches are roughly charac- 
", ; h ‘ rat “? al < lhe theorist’s “enlightened, best guess” ns to 
and the “ " . C - SCI ?„ a re lationship among the theoretical variables) 
tained vain 7° (the application of curve-fitting techniques to ob- 
“P enmen tal dependent variable as a function of an 
“realization.” n 'T*' var ’ a ble, both such variables being regarded ns 
dele™tna,innl° lf u tAcorc<fcaZ variables whose relationship is under 
stan™or Wi nd' , ^ approach bc rationa! ’ thc resulting function must 
p “ach b c ' ‘J ™ Z °' . llS dcductivc consequences. If the ap- 

vided his funrtin ■' ! I s lm P ortant for the theorist to perceive, pro- 
dLcov n. “ ,0 ha ™ » generality greater than the locus of its 

ZZtmc rdknn.,- qU , nt , 10n ‘ mt ' nE pr0ccd . ure must on, y be taken to 
ntion Thus (),„ ir < * wccn *bc theoretical variables under considcr- 
at.on. Thus, the rcsultmg empirical function must stand or fall by pre- 
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ciscly the same criterion as the rational equation-empirical test of lts 
onsequences It is, of course, more than unlikely that an empirical 
equation will prove satisfactory without some degree of modification 
on a rational basis It is, perhaps, even less likely that a "rational" 
equation will prove satisfactory without further modification in the light 
of its empirical consequences 


A final point which applies with peculiar force to Hull— is this 
Should the theorist employ intervening variables, and should he assert 
the option of using "empirical" curve-fitting methods m order to "dis- 
cover" relations among them (or relations connecting intervenmgs with 
systematic independents and dependents), it becomes particularly im- 
portant that the intervening variables not be crudely identified with 
their "realizations” m terms of the specific experimental independent and 
dependent variables used to suggest their functional relations In other 
words, m the case of intervening variables, it becomes especially unwise 
to transfer the obtained relationships from the experimental variables of 
curve-fitting experiments directly to the “corresponding" intervening 
variables For the intervening variable functions , u (if the use of inter- 
vening variables is to serve any purpose) must express relationships of 
great generality Such functions must, by definition, be far fewer in 
number than the total set of direct functional relationships between 
the systematic independent and dependent variables which could be 
presumed capable of generating the same set of deductive consequences 
Intervening variable functions, therefore, must be gotten at by indirect 
means, if they can be “gotten at” at all This means that a generous 
component of the “rational” must figure in the construction of “success- 
ful” intervening variable functions And this necessitates, in turn, an 
enormous component of luck 

With these considerations in mind, we may now proceed to the dis- 
cussion of (a) Hull’s techniques for the measurement of independent and 
dependent variables, and (6) Hull’s methods for the construction of 
“quantitative” functions 

a Techniques for measurement of independent and dependent vari 
ables There is no question but that Hull’s intentions with respect to 
* level of quantification’’ of intervening variable functions were extremely 
bold Although, m Pr B , he was content to hold himself to the identifica- 
tion of equation types both his stated aims and subsequent efforts (cf 
Part II) make it quite clear that his sights were set on the specification 
of equation type together with estimates of parameters This being the 
case, it was essential that the independent and dependent variables of 


"An “intervening variable function* is any functional * ^tionsbip “ 

intervening variable as at least one of its terms t e a re a ion ® intervening 

and intervening variables or intervening and intervening variables or intervening 
and dependent variables 
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the theory be susceptible to as close an approximation of fundar 

measurement as possible 

Hull nowhere gives explicit consideration to the mensurational ** 
of his independent and dependent variables It is clear, though, that 
supposed his mode of identifying independent and dependent vanabl 
to be such as to insure, automatically, a “high” level of mensurable 
For Hull represented his independent and dependent variables as b&n 
or being reducible to, variables which have a well-defined mensuration 
status m physical science This would mean that most of the emmn 
variables of PrB could be regarded as ordered to “fundamental” * 
“derived” mensurational scales 

That the preceding assumptions are wishful in the extreme req 1 
no further documentation We have seen, in the consideration of I r ' r 
pendent and Dependent Variables (pp 25-46, this report), the manlfoi 
deficiencies in their definitions We already know that the mdepe"^ 
and dependent variables as explicitly discriminated within the theoi 
language are not, in general, the same variables as they function 
data language reductions (»S, R , IF, and d are cases in point) 
know, too, that within the theory language the same independent * r 
dependent variable terms are often differently defined in verbal 
against mathematical formulations of postulates, the glossary, and A1 
text (e g , G, w , A) We know that certain variables (notably, (?) re^ 
further sub-specification into a collection of variables of different 
pineal significance and theoretical function We know also that ceft fl 
key empirical variables (eg , R) have no unequivocal definition at- 1 
quite independently of any of the complications mentioned above 
It is, therefore, clear that, far from attaining mensurability of 
empirical vanables by “fundamental” or “denved” physical scales, 
“theory” of Pr B has not succeeded even m identifying its ..upm 
vanables in a manner adequate to the theoretical objectives Sine 
however, previous discussions of the status and mode of definition < 
independent and dependent variables have not been explicitly oigc.ui*'. 
around the problem of conformity to physical measunng scales as * 
it may be useful to consider the matter briefly at this place 
■No matter how charitably we adjust our interpretation of the cor 
fusing definitions of empirical vanables to the theorist’s intention, am 
to the programmatic status of the theory, analysis will show that only 
small subset of these vanables can be regarded as measurable by pliy 
cal scales In general, we can distinguish 

(a) Empincal vanables w’hich seem legitimately measurable m t 
of physical scales 

(b) Empincal \anables which are apparently measurable in + 
of such scales, but which do not function, as so measured, wi**" 
the theory 
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(c) Empirical \nnablcs nhich arc not, m principle, measurable m 
terms of extant physical scales 

We restrict discussion to the presentation of a few instances of each class 

(1) Physically measurable variables Perhaps the only variables which 
claim this status are the group of lime variables distinguished in various 
postulates, namely 

f u the duration of the delay m reinforcement” (p 407) 

i f “degree of nsynchromsm of £ and R when both are of brief 
duration” (p 178) 

L" — "duration of the continuous action of $ on the receptor when 

R begins” (p 178) 

l " "the duration in minutes following a sequence of unreinforced evo- 
cations of R during which neither reinforced nor unreinforced evoca- 
tions of R have occurred” (p 40S) 

If the assignment of numbers to physically discrete events belonging 
to a given cla^s (“enumeration”) is regarded as a type of physical meas- 
urement, then the independent vanable N, “the number of reinforce- 
ments,” and dependent vanable n, “the number of unreinforced reactions 
required to produce extinction,” may also be regarded as physically 
measurable 

(2) Apparently physically measurable variables We have seen that 
S is identified as physical “stimulus energy," but that S does not neces- 
sarily function in this way in data language reductions As the “energy 
of sound, light, or heat waves, pressure, etc ,” S is, of course, measurable 
m terms of standard physical scales Let us assume, however, that the 
discrepancy between the identification of S as physical energy, and its 
data language usage did not exist Would S, as physically measurable 
now function m a way which is adequate to the demands of the theory? 

The answer still seems to be, “No ” Postulate 1 links S to s with relative 
determinacy (if not correctness) Postulate 2, however, does not link 
s to 8 with sufficient specificity to get to 8 from S But, by assumption 
of the theory, it is always $ which is the immediate “determiner ’ of be- 
havior Thus, S may be physically measurable, but the physical measure- 
ment of S functions (with respect to the theory) only as an indicator of 
the variable 8 Since the function relating S as indicator to 8 is not ade 
quately specified the fact that the ‘ basic” independent vanable S is 
susceptible to physical measurement is not sufficient for the ‘secure 
anchorage” to the theory for which Hull aims Since every independent 
vanable of the theory is linked to a corresponding intervening vanable, 
and since all of the relevant functions can be shown to be insufficiently 
specified or programmatic, a similar difficulty would hold for the other 
independent variables, even assuming that the variables, per se were 
physically measurable Should this consideration be pressed even the 
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time variables would have to be classified under this heading (i.e., 
would be "apparently physically measurable,” but not as they 

within the theory) . t , 

The basic dependent variable R is presumably physically measura^ 
as “muscular, glandular, electrical” (p. 406) phenomena. And the fc • 
indices or “measures” of R (p, B t R , n and A) are given in terms ■■ ‘-hi 
to physical mensuration. Let us neglect the fact that data 
applications of R are not consistent with its definition as 
movement, or “glandular” or “electrical” activity. Observe, though, ■ ■ 
p, 8 t R , n and A are scaled in different and non-intertranslatable - 
which, whatever their status in physics, cannot function as R measure 
in any consistent way. Observe, further, that aside from any other lim: 
tation, these “measures” must remain apparent until adequate * 
for the delimitation of the R’s of which they are allegedly “measures' 
are provided. 

As a final example, we may cite the case of independent variable V) t 
or “the magnitude of a reinforcing agent” (p. 408). Illustratively , Hull 
has equated this with the weight of food reinforcement. Illustratively, 
this is all very well. Recall, however, that w must represent quantita- 
tively the composite influence of the complex of factors associated with 
“quantity” and “quality” of reward. What the mensurational technique 
for determining this might be, Hull does not suggest. 

All of the dependent variables, and the vast majority of the independ- 
ent variables, of Pr.B. seem to fall into the present category, on one 
ground or another. 

(3) Variables not physically measurable , in principle. It is entirely pos- 
sible ibafc, should the actual independent and dependent variables, os these 
function within the theory of Pr.B., be reconstructed from data language 
applications, and from definitions in use based on all relevant formulations 
in Pr.B., most of the variables would turn out to be not physically measur- 
able, in principle. Be this as it may, the theory contains one variable which 
is explicitly constituted as a variable not orderable to a physical scale. This 
is “d” which is introduced in the principle of stimulus generalization 
(postulate 5), and defined as "the number of j.n.d.'s lying between the two 
stimulus aggregates & and 5” (p. 403). Quite aside from the limitations in 
the adequacy of the suggested mensurational procedure to the role of this 
variable in the theory, we should note that d is a psychophysically scaled 
not a physically scaled, variable. 

b. Quantitative function specifications and the technique of their 
construction. From the preceding discussion, it should be obvious that 
the “level of rocnsurability” of Hull's independent and dependent vari- 
ables is not such as to justify the attempt to achieve any high level 
of specificity in the mathematical description of function forms. Yet, 
we already know that Hull’s intention in Pr.B. was to achieve a level 
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time variables would have to be classified under this heading (i.e., they 
would be “apparently physically measurable,” but not as they function 

■within the theory). , _ . . 

The basic dependent variable R is presumably physically measurable 
as “muscular, glandular, electrical” (p. 406) phenomena. And the four 
indices or “measures” of R (p, 8 t Rt n and A) are given in terms amenable 
to physical mensuration. Let us neglect the fact that data language 
applications of R are not consistent with its definition as “muscular” 
movement, or “glandular” or “electrical” activity. Observe, though, that 
p, stn, n and A are scaled in different and non-intertranslatable units 
which, whatever their status in physics, cannot function as R measures 
in any consistent way. Observe, further, that aside from any other limi- 
tation, these “measures” must remain apparent until adequate criteria 
for the delimitation of the R’s of which they are allegedly “measures” 
are provided. 

As a final example, we may cite the case of independent variable v), 
or “the magnitude of a reinforcing agent” (p. 408) . Illustratively, Hull 
has equated this with the weight of food reinforcement. Illustratively, 
this is all very well. Recall, however, that w must represent quantita- 
tively the composite influence of the complex of factors associated with 
“quantity” and “quality” of reward. What the mensurational technique 
for determining this might be, Hull does not suggest. 

All of the dependent variables, and the vast majority of the independ- 
ent variables, of Pr.B. seem to fall into the present category, on one 
ground or another. 

(3) Variables not physically measurable, in principle. It is entirely pos- 
sible that, should the actual independent and dependent variables, as these 
Junction within the theory of Pr.B., be reconstructed from data language 
applications, and from definitions in use based on all relevant formulations 
in Pr.B., most of the variables would turn out to be not physically measur- 
able, in principle. Be this as it may, the theory contains one variable which 
is explicitly constituted as a variable not orderable to a physical scale. This 
is “d” which is introduced in the principle of stimulus generalization 
(postulate 5), and defined as "the number of j.n.d.’s lying between the two 
stimulus aggregates & and S” (p. 403). Quite aside from the limitations in 
the adequacy of the suggested mensurational procedure to the role of this 
variable in the theory, we should note that d is a psychophysically scaled , 
not a physically scaled, variable. 

b. Quantitative function specifications and the technique of their 
construction. From the preceding discussion, it should be obvious that 
the “level of mensur ability” of Hull’s independent and dependent vari- 
ables is not such as to justify the attempt to achieve any high level 
of specificity in the mathematical description of function forms. Yet, 
we already know that Hull's intention in Pr.B. was to achieve a level 
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of quantification so demanding as the specification of equation type, 
and that even this was conceived as but the preliminary step to actual 
estimates of parameters We know also, both from Hull’s metatheoreti- 
cal statements and from the form of the postulates, that the theory of 
Pr B is intended as a theory of unrestricted generality offered as poten- 
tially adequate to the major phenomena of orgamsmic behavior In con- 
structing the functions asserted by the postulates of Pr B , Hull was 
therefore setting himself the inordinately difficult task of combining 
a high degree of specificity with “maximal" empirical generality Such 
an effort, of course, is necessanly doomed to failure in the present phase 
of psychology, and whether these objectives will ever become feasible 
is an open question That Hull did fall enormously short of these ob- 
jectives is shown in detail by our consideration of the "structure of the 
theory,” and, indeed, by the entire trend of the preceding discussions 
At this place, we will be concerned primarily with Hull’s methods for 
constructing quantitative functions m order to exploit Hull’s experience 
with such problems for any further insight this may yield with respect 
to general issues concerning the quantification of behavioral relation- 
ships Before we proceed to this topic, it may be well to summarize from 
scattered discussions the status of the function “ quantifications ” actually 
attained in Pr.B 

(1) Summary of the status of the function quantifications A wide- 
spread impression that the theory of PrB provides "mathematical" 
statements for all postulates is incorrect For three postulates (1, 2, and 
3) no "mathematical statement” is given Of these, postulates 1 and 2 
(introducing the afferent impulse and afferent interaction, respectively) 
would demand quantitative specification of the functions, if the theory 
were to become truly quantitative (at any level) For two postulates (11 
and 16) the so called "mathematical statement" represents a translation 
of the verbal formulation into symbolic logic Postulate 11 (on the 
reaction threshold) does not necessanly demand further mathematiza- 
tion Postulate 16 (on incompatible reaction potentials) is admittedly 
a simplification in its present form, and would demand quantitative 
specification, if the theory were to become adequately quantitative Thus 
five postulates in all are not given quantitative specification 

The remaining eleven postulated "mathematical statements ’ are equa- 
tions specifying various function forms The most frequently occurring 
function forms are linear and exponential (of the positive and negative 
"growth" type) No values are specified for the "empirical constant” 
terms which occur m these equations There is no discussion of the 
significance of such "constants," their intended generality, etc , nor is 
there any attempt to specify general procedures for obtaining the values 
which must be substituted for these constants, if the equations are to 
be solvable 
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All intervening vanable symbols which occur m these equations 
designate construcis ordered to purely programmatic scales, having no 
empirical significance Thus, no empirically meaningful values can be 
substituted for these variables 

If we recall the manifold definitional and mensuration al inadequacies 
of the systematic independent and dependent variables, it becomes evi- 
dent that significant substitutions cannot be made for these classes of 
variables, either 

Taking all the above circumstances together, it is obvious that the 
“quantification” of PrB is, in every discriminate respect, program- 
matic and empirically empty At best, the postulates of this theory can 
permit only qualitative, “more or less” derivations Any manipulation of 
numbers according to these rules must be an indeterminate manipulation 
of empirically meaningless numbers for illustrative purposes 

(2) Methods for constructing “ quantitative” functions We have already 
seen that, in general, Hull relies on empirical curve-fitting techniques in 
the construction of the function forms which enter the postulates The 
data used for such purposes derive from (a) already available experi- 
ments selected by Hull as the inductive source for a given postulate (and 
often subjected to various transformations m order to make the data 
suitable for curve fitting) , and (b) “curve-fitting” expenments specifi- 
cally designed by Hull m order to supply relevant material for quanti- 
fication Mere recognition of Hull's reliance on empirical equation-fitting 
techniques, however, tells us little about his response to the manifold 
problems of function quantification In the following discussion, we must 
inquire into the detailed role of Hull’s empirical equation-fitting pro- 
cedures within the total context of his methods of working towards a 
quantitative theory of high generality , adhering to the independent, in- 
tervening, dependent vanable paradigm 
We noted that, if one seeks a theoretical function of high empirical 
generality, this entails (a) that the theoretical variables related by the 
function be linked to a “rich” plurality of reductive symptoms (1 e , 
potential expenmental variables), and (b) that the function factually 
hold over a wide range of empirical conditions presumed to be independ- 
ent of the variables related by the function A purely “positivistic” 
theory would proceed to identify a set of systematic independent and 
dependent variables and investigate the laws of their relationship Such 
laws could conceivably vary greatly in “generality,” depending on the 
range of reductive implications (empirical * richness”) of the variables, 
and the range of empirical conditions for which the function holds, as 
previously indicated Thus, even the “positivistic” theorist, if he were 
to construct his laws by equation-fitting techniques, could not merely 
proceed to transfer a function form fitted to any single expenmental 
realization” of lus theoretical vanables, to the theoretical \anables 
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themselves, and at the same time count on any useful degree of gener- 
ality in the resulting law It is obuous that “generality” could be claimed 
only to the extent that the function were subsequently verified in a 
variety of experimental “realizations ” The positivistic theorist, however, 
may presuppose a close parallelism between the function forms exhibited 
by any given empirical “realizations” of theoretical variables whose re- 
lation is under scrutiny, and the theoretical function form This being the 
ca«e the results of empirical curve-fitting may be used in a relatively 
direct way, either for suggesting a theoretical function form, or for test- 
ing a theoretical equation which was rationally assumed 

A problem of a very different order arises for a theorist who wishes 
to attain the degree of “generality” made possible, at least in principle, 
by the use of intervening variables Such variables are, by definition, 
indirectly “inferred” constructs, the use of which is calculated to mini- 
mize the number of postulated functions necessary to generate a given 
set of empirical consequences Presumably, a markedly greater number 
of positivistic (independent-dependent variable functions ) would be 
necessary to mediate the same range of empirical consequences By 
definition then, there can be no direct parallelism between a theoretical 
function containing an intervening variable as (at least) one of its terms, 
and any experimental “realization” of that function One way of ex- 
plicating the rationale for this may be as follows 

A positivistic law asserts a relationship between variables, the re- 
ductive “symptoms" of which are sets of experimental independent and 
dependent variables The variables of a “positivistic law” can be placed 
in correspondence to experimental independent and dependent variables 
m simple one to one fashion Intervening vanable functions are related 
to experimental relationships in another way They are “elements” in a 
function chain which links systematic independent variables initially 
to lntervenmgs, and then to dependent variables The entire chain is 
presumably capable of generating consequences which may be placed 
in correspondence with experimental independent and dependent varia- 
bles But no single function in the chain can be ordered to a given 
experimental relationship There is no variable in the experiment that 
could correspond to the inferred construct that is the intervening vari- 
able 

From the above considerations, it is evident that intervening variable 
functions cannot be constructed via any purely “empirical” method of 
function fitting The construction of intervening variable functions must 
then depend on a set of rational best guesses Such guesses must, to be 
sure, be guided by the theorist's estimate of the possibilities that the 
given function taken together with the others m the theory will be capable 
of generating consequences which agree with available empirical evidence 
but these "guesses” cannot, in the nature of the case, be uniquely deter - 
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mined by the available evidence The “invention” or “intuition” of suc- 
cessful intervening variable functions is, of course, a central context 
in which theoretical creativity may be manifested The great creative 
theoretical insights in the history of science consist precisely m such 
felicitous “perceptions” of the “intervening variable functions” which 
can unify an extensive range of empirical relationships These consider- 
ations have not always been recognized by psychologists who advocate 
theories which employ intervening variables 15 

It is to Hull’s credit that he recognized the difficulties of inferring 
intervening variable functions from empirical relationships, even if he 
did not achieve a methodology capable of resolving these difficulties In 
Pr B , the response to these difficulties was faltering — incorporating 
joint elements of arbitrariness, inconsistency and programmaticity We 
will see, in Part II of the report, that the attempt to grapple with these 
intricate issues in a determinate way was central m the final phase of 
Hull’s career 

An empirical theory which employs intervening variables must, of 
course, contain three classes of intervening variable functions These 
are functions relating (o) independent and intervening variables, (6) 
intervening and intervening variables, and (c) intervening and depend- 
ent variables In order to reconstruct the methodology of function con- 
struction of Pr B , it will be instructive to examine Hull’s procedure in 
arriving at the cntical independent-intervening variable relation of the 
theory— the relation of 8 H R to “the number of reinforcements,” N 
Hull begins with the observation that “habit strength cannot be 
determined by direct observation, since it exists as an organization as 
yet largely unknown, hidden within the complex structure of the nervous 
system” (p 102) He points to the difficulty m determining the functional 
relationship between variables, when one of the variables “under investi- 
gation is a logical construct, and so is neither observable nor directly 
measurable” (p 113) The “strength of a receptor-effector connection 
can,” therefore, “be determined only indirectly” (p 102) “There 
are,” however, “two groups of such observable phenomena associated 
with habit (1) the antecedent conditions which lead to habit formation, 
and (2) the behavior which is the after-effect or consequence of these 
antecedent conditions” (p 102) 

Hull then cites four studies which he deems relevant to the relation- 
ship of habit strength and number of reinforcements Each of these 
studies presumably explores this relationship m terms of different mani- 
festations of habit strength They are 


(a) Amplitude Hovland’s (25) determination of amplitude of con- 
ditioned GBR as a function of the number of reinforcements 


c*n7°| lr !i an f ° r inS ? ai \ Ce has C0D31s tently overlooked these problems both in 
general discussions of intervening variables, and in his own theoretical constructions 
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(6) Latency Simley's (112) determination of syllable reaction laten- 
cies (to nonsense characters) as a function of trials of practice 

(c) Resistance to extinction Williams' and Penn’s (103, 142) data 
for the number of extinction reactions as a function of number of 
reinforcements 

(d) Probability ( percentage of correct response evocations) B I 
Hull’s determination of percentage of occurrence of correct bar 
responses (directional movements of a pivoted Skinner box raa- 
mpulandum which can be moved in four directions) as a function 
of "successive hundreds of responses ” 

In cases (a), (b) and (c), fitted curves are presented, (a) and (c) 
being "growth functions,” and ( b ) the reciprocal of a growth function 
No equation is presented for the data of (d) 

Taking his “point of departure from extensive observations in the 
field of habit formation typified by the experiments which yielded” the 
data of (a), ( b ), (c) and (d), Hull concludes that 

1 Habit strength is 4n increasing function of the number of reinforcements 

2 This function increases up to some sort of physiological limit beyond which 
no more increase is possible 

3 As habit strength approaches this physiological limit with continued re 
mforcements the increment (A b Hr) resulting from each additional reinforce 
ment decreases progressively in magnitude (pp 113-114) 

Hull continues 

Now, there are numerous algebraic expressions which yield results conforming 
to the above specifications One of these however, has a rather special promise 
because it is known to approximate closely a very large number of observable 
empincal relationships in all sorts of biological situations involving growth and 
decay Indeed Figures 21, 22, and 23 are all cases in point [The reference here 
is to the figures presenting the data for (a) (6) and (c) above] The basic 
principle of the simple positive growth function is that the amount of 
growth resulting from each unit of growth opportunity will increase the amount 
of whatever is growing by a constant fraction of the growth potentiality as yet 
unrealized (p 114, brackets mine) 

The above constitutes Hull’s rationale for assuming the growth hy- 
pothesis as to the relation of b Hr and N Note that Hull begins with 
explicit recognition of the difficulties involved in the indirect inference 
of the functions linking "unobservables” (i e , intervening variables) to 
their "observable” determinants (i e , systematic independent vanables) 

He then proceeds to take four selected examples of functional relation- 
ships between the “directly measurable” antecedent (A r ) and consequents 
(A, s tn, n, p) of his inferred intervening variable ( 8 H K ) To three of 
these relationships, curves are fitted which turn out to be growth 
functions From these empincal matenals, Hull goes on to hjpothesizc 
the conditions which the theoretical function linking *//* to N would 
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have to satisfy in order to generate the observed relationships. These 
specifications turn out to represent a set of conditions compatible with 
the properties of “numerous algebraic expressions.’’ “One of these, how- 
ever, has a rather special promise” because of its approximation to 
empirical growth and decay relationships “in all sorts of biological situ- 
ations.” And so we come out with a growth relationship. From the em- 
pirical data on which a growth relationship is imposed, we make our 
“indirect” inferences about the function defining our “unobservable 
intervening variable, and, by a curious circularity we come out with 
what? — a growth function. 

Be this as it may, Hull, on the basis of the above analysis, advances 
his theoretical equation for JIr as a function of N (p. 119) : 

%Hr = M - Mr'" 

where M = 100, N is the number of reinforcement repetitions, e is 10, and 

>' = '«srh 

where F is the reduction constant. . . . 

Since the fitted equations for (a) (amplitude) and (c) (number of ex- 
tinction responses) are growth functions, this procedure results in linear 
relationships as between 8 H R and the two response variables. In the 
case of (b) (latency), the empirical “equation represents the reciprocal 
of a slightly complicated positive growth function” (p. 121). In this case, 
therefore, the relation between 8 H R and 8 t R , on the assumption of the 
theoretical (non-complicated) growth relation between 8 H R and N, 
turns out to deviate from linearity in the direction of slight negative 
acceleration (cf. pp. 336-337). 

Whatever the ambiguities in Hull's discussion of the sHk-N function, 
two things can be said with confidence: (1) Hull was distinctly aware 
of the illegitimacy of directly transferring functions fitted to experimen- 
tal independent and dependent variables, to an intervening variable 
function relating a systematic independent and an intervening variable; 
(2) he develops a confusingly mixed argument, based both on rational and 
empirical considerations , for assuming an intervening variable function 
which does mirror the characteristics of the empirical function used as 
the induction base. 

At bottom, this inconsistency probably derives from the fact that 
Hull recognized the difficulties involved in the construction of interven- 
ing variable functions for a comprehensive theory, and yet wished some- 
how to push on to such a theory despite these difficulties. If the recog- 
nition that only a primarily rational approach could mediate the 
construction of intervening variable functions were implemented , this 
would entail resignation to the fact that a comprehensive behavior theory 
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can only be worked towards very modestly, if at all, that, indeed, a general 
theory of behavior of the “intervening variable” vanety is enormously 
out of reach Hitting on “fruitful" intervening variable functions, even 
with respect to the systematization of narrowly delimited empirical do- 
mams, must m the present phase of psychology involve an immense 
element of luck, and "luck" of this order cannot be expected to emerge 
without an immense sequence of “rational” hypothesis formation and 
adjustment in the light of indirect empirical consequences 
It would clearly be much to the interest of a theorist with Hull’s 
ambitious intentions, if intervening variable functions could, neverthe- 
less, be located in a relatively immediate way from empirical data Thus, 
Hull’s response to this intolerable dilemma seems to have been to look 
for (or create) rational grounds for legitimating the assumption of a 
close correspondence between theoretical construct relations and the 
variables in curve-fitting experiments Such grounds could be provided, 
if certain very simple relations were assumed to hold between the inter- 
vening variables and certain of the dependent variables (i e , response 
measures) of the theory For, if these relations are sufficiently straight- 
forward, then the results of appropriate curve-fitting experiments, de- 
signed m terms relevant to the theoretical dependent variables, could 
be used to suggest construct interrelations in a relatively direct way 
The simplest expedient would be to develop rational grounds for assum- 
ing that the basic intervening variable of the theory ( B H R ), and the 
intervening variable chain related to it, were connected to the inde- 
pendent variable N by a function having the same form as the empirical 
learning curves relating N to at least a subset of the dependent variables 
of the theory If this assumption were made, then a linear relationship 
would obtain between 8 H R (and thus the terminal intervening variable 
of the chain, 8 Er) and the dependent variable measures in question 
This is precisely what Hull seems to have done in positing that b Hr is 
related to N, according to a function having the same form (growth) 
as that relating A to N and n to N 16 
At this point in the argument, it perhaps looks as if the basis for Hull's 
choice of the growth relation between 8 H R and N was empirical, rather 
than rational But now an additional consideration must be introduced 
No one, including Hull, would argue that all empirical learning curves 
conform to a growth function Nor is it necessarily the case that any 
given set of extant learning data, including the data chosen by Hull, 
is best fitted by a growth function There is always an element of 
arbitrariness m curve-fitting procedures, and, as we will later have oc- 

«j t IS significant to note that most of the experiments specifically designed bj 
Hull {and collaborators) to suggest construct relations for the theory of PrM 
utilized the two dependent \anabie measures— n and A — which presumably haie 
this hurcr relationship with iHm 



78 


modern learning theory 

casion to note, the arbitrariness is rather pronounced in many of Hull’s 
“fits." It seems fairly definitely the case that Hull assumed, on the basis 
of rational considerations similar to those adduced in the passages 
quoted above, that the growth relation is the type of function best geare 
to the conceptual requirements of a construct like B H B (and other 
“learning’'' variables). Our point, then, is that Hull did not assume the 
growth relation between sHr and N because this was the function that 
best fitted the Hovland and Perin-Williams data, but rather that the 
design of these studies and the mathematical treatment of the data 
reflected the prior growth function assumption. Thus, the most reason- 
able interpretation of the s Hr-N function is that it is primarily “ra- 
tional” in origin. 

A corollary to the above analysis is that, once the growth relation 
between S H R and N enters the theory as a rational component, it be- 
comes “permissible” to construct all other “mathematical” intervening 
variable functions, with the exception of the terminal linkages between 
flEji j and the dependent variables, by the direct transposition of function 
forms fitted to experimental data. In other words, the single “rational” 
component of the theory is so chosen as to permit a reliance on empirical 
procedures of function induction with respect to most of the remaining 
components of the theory. 17 In line with this, it is significant to note 
that in discussing the rationale for all further "quantitative” intervening 
variable functions preceding the dependent variable linkages Hull does 
not, on a single occasion, question the practice of directly transforming 
empirically fitted curves into relationships among “unobservables.” The 
uniform procedure becomes that of selecting or designing an experi- 
ment, the independent variable of which is presumed to correspond to the 
antecedent theoretical variable under consideration, and the dependent 
variable of which corresponds to the consequent theoretical variable 
To the experimental data is fitted an equation, and the form of the 
resulting equation is then transposed (minus parametric values) to tin 
intervening variable function under construction. 

A case in point is provided by the very next intervening variable func 
tion that Hull considers after the introduction of 8 H R as a function of A 
This is, “Habit Strength as a Function of the Nature and Amount of th 
Kcinforcmg Agent” (iu) (Chapter IX, pp. 124-134). It may be instruc 
live to summarize the high spots in the discussion. 


When the function is referred to as the "single rational component 

*• » rcncc w lhe mathematical intervening variable functions, f 
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intervening variables (sEr and sEr) of the theory to the systematic 
dependent variables, he is able to make capital from the fact that these 
functions were already, as it were, “built in” to the theory via the nature 
of the original S H R -N assumption The critical supposition mediating the 
construction of the four functions relating reaction potential to p, dn, 
n and A (postulates 12-15, p 344) is as follows 

Since reaction potential is a joint multiplicative function of habit strength and 
drive , it follows that so long as dnve remains constant, reaction potential 
will also closely approximate a simple growth function of the number of re 
inforcements (p 326) 

It thus becomes possible to analyze equations fitted to empirical learning 
curves into two components, one a growth function relating reaction poten- 
tial ( sEr or sEr)* to N, and the other the residual function relating reaction 
potential to each of the response “measures,” m precisely the same way 
that the learmng curves cited in connection with the sHr-N function (pp 
120-122) were analyzed As a matter of fact, for three of the functions — 
those relating s Er and s tR, n, and A , respectively — the same learning data 
as those used in the s Hr discussion are analyzed The relationship of reac- 
tion potential to p (probability of reaction evocation) is derived, not from 
an empirical curve, but from a theoretical curve (quasi-ogival in form) built 
up by combimng the growth hypothesis of sEr as a function of N with 
the Gaussian sOr function (postulate 10), together with the assumption of 
the existence of the reaction threshold (sLr) In the first three cases, the 
procedure m deriving the dependent variable linkages is simple, consisting 
essentially in the substitution of s Er for the growth expressions which are 
present in the empirical equations fitted to the learmng data in question 
Since the fitted equations contain a number of empirical constants which 
are independent of the growth expressions, these are retained as parameters 
of the resulting equations linking sEr to the various response measures 
In the case of the sE R -p function, no problem arises in making it give 
forth precisely what was put into it The theoretical curve (p 331) is a 
synthetic composite of a growth function (for sEr) with a normal prob- 
ability function (for sOr), to represent dispersions of sEr, at different 
N values, above the reaction threshold (sEr) From this, it is an easy 
matter to derive that p “is a normal probability (ogival) function of the 
extent to which the effective reaction potential (sEr) exceeds the reaction 
threshold ( S L*)” (p 344) 

The trend of the preceding discussion has been to suggest that Hull’s 
approach to the demanding problem of “inferring” intervening variable 
functions was (a) to recognize that such functions could only be con- 
structed by “indirect” rational means, and (b) to develop a pat, arbitrary 
and o\ cr-schcmatic “rational” basis (the N- e H R -response variables anal- 
>sis) which, nevertheless, “legitimated” direct reliance on empirical 
procedures for the construction of the majority of functions in the theory 
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Remember that the basic objective behind the entire problem was to at- 
tain a set of laws approximating “maximal” empirical generality and 
quantitative specificity, for a comprehensive theory of behavior We al- 
ready know that, no matter what the adequacy of Hulks methods of 
function construction, such an objective was entirely out of reach Not 
the least of the reasons for this derives from the manifold definitional 
and mensurational inadequacies of the systematic independent and de- 
pendent variables previously noted It is now clear that Hulks actual 
method of function construction — which in effect equates intervening 
variables (and systematic independents and dependents) with experimen- 
tal variables — further curtails any remote possibility that quantitative 
laws of wide generality could be attained Nevertheless, suppose for the 
sake of argument , that Hull’s use of empincal curve-fitting procedures 
was an entirely acceptable route to the specification of intervening vari- 
able functions It then becomes necessary to enquire into the adequacy 
both of the curve-fitting procedures, and the experimental data to which 
they are applied Accordingly, we conclude the present section with a 
few summary remarks about (a) the characteristics of the data used for 
equation-fitting, and (6) goodness of fit 

a) There is much evidence to suggest that the data chosen for curve- 

fitting are highly “selected” (cf 81, 92, 105, 108 ) Relevant experiments 
seem chosen largely in terms of coincidence with prior assumption, or 
amenability to some kind of curve-fittmg determination Contraiy find- 
ings (eg, “intermittent reinforcement,” “latent learning”) are often 
ignored Restricted subsets of the data of a given experiment are some- 
times chosen For instance, the Simley rote learning data employed in the 
construction of the function, derived from one subject Some- 

times, as in the case of the Gnndley data, use is made of measurements 
taken from crude curves rather than reported measurements On occasion, 
data derived from subjects under different experimental conditions, and 
of questionable comparability, are combined in the same averages For 
instance, the data to which the S-R asynchronism function (for the 
“delay” case) is fitted, consists of the combined per cent CR values taken 
from two animals trained under different conditions in the Kappauf- 
Schlosberg experiment (82) In this case, too, the measurements were 
determined from published graphs Again, it is not generally recognized 
that the four groups of animals of the Williams study (142), and the 
eight groups trained by Penn (103), which together comprise the basis of 
the very important Perm-Hull equations (postulate 7), were subjected 
to distinctly different experimental routines Over and above these limita- 
tions in the data used for curve-fitting, is Hulks consistent failure to give 
adequate concern to the generalization ranges within which the empirical 
findings may rationally be expected to hold 

b ) Jt is hardly necessaiy to mention Hulks widely recognized tendency 
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to fit equations projectively rather than objectively The number of data 
plots is often dangerously small It is rare that more than four or five 
data plots are used for the determination of a given function The 
Mowrer-Jones curve for the number of extinction responses as a function 
of grams of lever pressure (p 280) , which provides the basis for one of 
the major assumptions relevant to inhibition (t R as a function of W), 
contains only three data plots Further, the data points, whether they be 
many or few, are not always judiciously distributed over the range of the 
function In particular, sometimes limiting or extreme values are omitted, 
at the risk of highly misleading extrapolations (e g , Penn’s extrapolated 
resistance to extinction values for “zero” food pnvation, cf 87, p 109) 
Finally, a cursory running of the eye over the many graphs of fitted 
functions in Pr B will provide a crude but revealing index of the extent 
to which the equations actually generate values which conform to the 
plotted data points, such as they are 

3. Techniques of Derivation 

Taking Hull’s theoretical efforts as a whole, it can unquestionably be 
said that he has made the most intensive and persistent attempt of any 
learning theorist to achieve rigorous and explicit derivation Nevertheless, 
as in the case of the discussion of “explicitness of axiomatization,” it is 
necessary that we conduct our inquiry on a less relative scale 
There is, of course, a direct tie between explicitness of axiomatization 
and explicitness of the derivations which the “axioms” can mediate Thus, 
our discussion of Hull’s “explicitness of axiomatization,” together with 
the manifold preceding considerations concerning the “axiomatic” struc- 
ture of the theory of PrB , should provide a voluminous definition of 
the limits within which “derivations” are feasible In this section, we will 
supplement these considerations with (1) a brief resume of the charac- 
teristics of the “derivations” in formulations preceding Pr B , and (2) the 
derivational procedures of PrB 

a. Derivations in Pre Pr.B. formulations. Hull’s early theoretical arti- 
cles arc notable for clarity of exposition, and the detail in which the 
attempt is made to indicate the consequences of the assumptions being 
explored The exploration, however, is conducted informally No claim 
is made that “deductions” have been earned out with a full exhibition of 
mcdintmg steps or that all of the assumptions have been made explicit 
Rather, “deductions” are put forward as the “kind of thing” that would 
follow— gi\en the major assumptions under exploration— under such and 
such conditions The “conditions,” , n turn, may be exemplary or hypo- 
thetical, or they may be conditions actually realized in previously per- 
formed experiments, or realizable in experiments to be performed 
Assumptions arc stated quahtatnely, and “deductions” are also qualita- 



CLARK L. HULL 83 

tive Ad hoc quasi-mathematical assumptions are often, but overtly, 
made m operating with the hypotheses being explored 

In the case of such "miniature systems" as the 1935 system on rote 
learning (39) and the 1937 “adaptive behavior" development (42), an 
attempt is made to spell out the main steps of the derivations In these 
cases, too, postulates and derivations are qualitative Formal, verbal 
definitions are given for the major terms Step by step derivations are 
aided by diagrammatic and arbitrary pseudo-mathematical illustrative 
devices “Degree of formality” (rigor, explicitness) of derivations falls 
far short of what would be requisite m a formalized system, but is far in 
excess of the expository procedures of other learning theorists 

The derivations in the 1940 rote learning systematization (51) show 
perhaps the greatest degree of ngor and explicitness of any formulation m 
psychology The possibility of achieving this level of explicitness and de- 
tail appears to result from the restriction of the theory to a limited empiri- 
cal domain, and one m which the variables are highly controllable and 
mampulable 

b The derivational procedures of Pr.B. We have developed many con- 
siderations which must unply that “derivation” in any strict sense is im- 
possible within the theory of Pr B Among them are the ambiguities m 
the independent and dependent variable identifications, the vagueness in 
the postulate formulations, the relational lacunae and indeterminacies 
m construct inter-connections, the programmaticity of the intervening 
variable “units,” and the mensurational deficiencies of the systematic 
empirical variables Any attempt to “solve” the equations represented 
by the postulates, for any given set of empirical conditions, must depend 
on a series of “as if” assumptions about the necessary substitutions for 
systematic independent variables, empirical constants and prior interven- 
ing variables, which can have only illustrative significance The absence 
of formal explicit and operational definition, and of rules of inference, 
would alone preclude explicit logical derivations, while the programmatic- 
ity and incompleteness of the quantification would certainly prohibit 
rigorous mathematical derivations 

It is fair to note, however (as we did once before), that the intention of 
Pr B is not to carry out any marked number of derivations, or even to 
provide all necessary conceptual tools for strict logico-mathematical 
derivation, but to concentrate on the formulation and explication of a 
tentative postulate set for a comprehensive theory of behavior Neverthe- 
less, considering the postulate set of Pr B even as a tentative axiomatic 
component (minus formal explicit and operational definitions) of a 
potential forma! theory, there still remains good reason to behe\c that 
derivations of a high degree of determmacy could not be achic\cd, if the 
potential theory reflected many characteristics of the actual one 
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The above comments are not intended to suggest that the theory of 
Pr B is any the worse off with respect to potential derivational rigor than 
are alternate behavior theories But, as in the case of so many other 
issues having to do with hypothetico-deductive status, it is necessary to 
separate Hull’s metatheoretical statements about the status and objec- 
tives of the theory from the actual status of the theory 

Despite the concentration on the discussion of postulates, Pr B includes 
a “random sampling of some fifty or so secondary principles (corollaries) 
given chiefly for purposes of illustrating the meaning of the primary 
principles” (p 398) These represent Hull’s estimates of certain of the 
more direct and/or important consequences of the postulates of Pr B 
Certain of these “corollaries” represent sequences of consequences medi- 
ated primarily by key postulate “clusters” of the theory (eg, the 
twenty-two corollaries of the inhibition assumptions in Chapter XVI, 
the twelve corollaries of the ‘ primary motivation” postulates in Chapter 
XIV), while other corollary sequences represent attempts to mobilize all 
relevant postulates of the theory on key empirical problem areas (e g , 
the eight corollaries on stimulus “patterning” in Chapter XIX) It may 
be useful to consider summarily the status of these corollaries 

In general, nothing approaching formal or even highly explicit informal 
derivation is attempted The procedure, m most instances, involves a 
verbal indication of what should follow when certain postulates are taken 
in conjunction with hypothetical sets of empirical conditions, or empirical 
conditions corresponding to previously reported experiments It is im- 
portant to recognize that the corollaries can be no more “genuinely” 
quantitative than the postulates which are believed to generate them 
Mwwy the. wre “vp\w,\vtw.tY$e” wYiwh lottow, 

for given conditions, from the general function forms assumed by the 
postulates (taken singly or in combination) Others, however, are “de- 
rived” via sheerly arbitrary settings of the empirically empty variables 
m the postulated equations, and as such cannot be regarded as generated 
by any explicit part of the theory Usually, when this is done, the values 
substituted in the equation, are chosen in such a way as to fit the require- 
ments of the hypothetical or known empirical phenomena under analysis 
It must be emphasized that most of the more conspicuous <l tours de force” 
among the “corollaries” of Pr B , such as the sequence on stimulus pattern- 
ing (PP 358-372) are “derived” in this ad hoc fashion Indeed, in the 
theory of Pr B , the line of demarcation between “derivation” (at any 
level) and illustration is somewhat blurred 
A special class of ad hoc “derivations” within the theory of Pr B 
seems to stem from the occasional covert use of the empirical constants 
pre«cnt »n empirical equations u«ed to suggest construct interrelations 
It will be recalled that Hull raeticulouslj avoids the insertion of such 
parametric values into postulates Corollaries which presuppose such 
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empirical constants, then, cannot be regarded as consequences of the 
theory, but only as implications of empirical equations which are outside 
the theory For instance, corollary II m the analysis of “primary moti- 
vation and reaction potential" (p 247) states that 

When primary drive strength f D ) is zero, reaction-evocation potential ( B E R ) 
has an appreciable but relatively low positive value which is a positive growth 
function of the number of reinforcements 

This corollary could not conceivably follow from postulate 7 (p 254) 
which asserts merely that 

A*=/(A) X f{D) 

It can , however, follow from the concrete details of the equation fitted 
to the Perm-Williams data (p 255), or from a set of assumptions — the 
“quantitative derivation of B E n from B 1I R and D” (cf pp 242-247) — 
arbitrarily adjusted to the content of this equation 18 The presence m 
the theory of PrB of such “corollaries” adds another dimension of 
ambiguity to what the “postulates” of Pr B assert 

It should be added that the complexity and detail of the formulations 
at certain points can tend to obscure soft area m alleged “derivations ” 
For instance, the “quantitative derivation of B E R from s H n and D” 
alluded to above, represents an elaborate ad hoc attempt to reproduce 
the details of the Penn equation from a combination of the prior as- 
sumptions of the theory (postulates 4, 5, and “major corollary” 1) 
together with postulate 7 From arbitrary mathematical settings of 
these assumptions, a table is constructed purporting to represent theo- 
retical values, at various N**, for (1,1 the habit strength mobilized by 
the drive stimulus, (2) the habit strength mobilized by non-drive com- 
ponents of the stimulus complex, and (3) the multiplicative effects of 
certain drive strengths on the physiological summation of (I) and (2) 

All this is very impressive, but an entire column of values in this table 
(Col 4, Table 5, p 243) presents substantial positive values for the 
habit strength loadings of an absent (zero drive strength) drive stimulus 
at all numbers of reinforcements greater than zero 

Despite difficulties of the sort mentioned above, and the gap between 
the “derivations” of Pr B and strict formal derivation, it would be unjust 
not to underline in this section the great distance between Hull's efforts 
m the exploration of theoretical consequences and conventional practice 
among recent theorists After all, “derivations” can be no more explicit 
than the theories which generate them, and theories can rarely be as 
full or explicit as the desires of the theorists who generate them Perhaps 
the most impressive and consistent quality m Hull’s work may be seen 
m the ingenuity and range of the attempts to explore the consequences 

“Consult (88) for a detailed discussion of related issues 
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of his hypotheses. In the early stages of the development of a theory, 
such explorations of the deductive potentialities of incompletely deter- 
minate initial hypotheses, even when the “deductions” involve ad hoc 
supplementation, is essential. Hull demonstrated great brilliance in this 
regard in his early theoretical articles. In the ambitious rote learning 
system (51), he was able to demonstrate perhaps the closest approxima- 
tion to explicit derivations yet attained in a non-natural science theory. 
In Pr.B., the imaginative brilliance in the informal calculation of con- 
sequences which was evident in the early articles is somewhat submerged 
by the preoccupation with the explication of primary principles. Further, 
the status of “derivations” is confused by the nonfunctional quantitative 
trim and definitional vagaries of the postulates. Yet, even in Pr.B., the 
attempts to bring the principles to bear in a relatively detailed way on 
experimental issues still offer a refreshing contrast to the practice of 
many other recent theorists. 

D. EMPIRICAL CONTENT AND ADEQUACY 

So far in this report, we have concentrated on the stated objective of 
determining the systematic status of the theory of Pr.B. At many points, 
our inquiries into theoretical structure and methodology have involved 
necessary reference to matters of empirical content. And, at all points, 
our considerations of “formal” issues have had obvious implications for 
the evaluation of empirical adequacy. Any full or authoritative evalua- 
tion of the empirical adequacy of all hypotheses embedded in the formu- 
lations of Pr.B., or the fruits of Hull’s theoretical thinking generally, is 
not within the scope of this report. The function of the present, brief 
section is to bring together under a set of rubrics relevant to over-all 
questions of empirical adequacy certain clear implications of the previous 
analyses. In Part II, which carries the concern with Hull’s theoretical 
methodology into the later phase of his career, further consideration of 
matters of empirical adequacy will arise as we pursue the fate of the 
theory of Pr.B. The concluding remarks of Part III will also raise, at 
least superficially, issues having to do with the empirical fruitfulness of 
Hull’s contributions in general. 

In the following discussion, we will consider these characteristics of 
the theory of Pr.B.: (1) the range of data covered, (2) degree of con- 
firmation, (3) flexibility (in practice) with respect to empirical evidence, 
and (4) special virtues which may prove useful outside the context of the 
theory, as specified. 

1. Range of Data Covered 

By intention, PrM. is a tentative postulate set designed to account for 
the major phenomena of organismic behavior. The postulates are pre- 
sumed to represent the primary principles of a comprehensive theory, 
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conceived as a theoretical basis for “all the social sciences” (p 398) A 
famt conception of the ambitiousness of Hull’s objectives may be de- 
nved from the following statements 

The main concern of this work has been to isolate and present the primary 
or basic principles or laws of behavior as they appear in the current state of 
behavioral knowledge, at present there have been isolated sixteen such princi- 
ples In so far as these principles or postulates are sound and sufficient, it 
should be possible to deduce from them an extensive logical hierarchy of second- 
ary principles which will exactly parallel all of the objectively observable 
phenomena of the behavior of higher organisms, such a hierarchy would con- 
stitute a systematic theory of all the social sciences Considerable progress has 
been made m this direction [here there appear 28 bibliographical citations], 
though because of the limitations m available space only a random sampling of 
some fifty or so secondary principles (corollaries) is included m the present 
volume, these are given chiefly for purposes of illustrating the meaning of the 
primary principles (p 398, brackets mine) 

It is to be hoped that as the years go by, systematic treatises on the different 
aspects of the behavior sciences will appear One of the first of the^e would 
naturally present a general theory of individual behavior, another, a general 
theory of social behavior In the elaboration of various subdivisions and com- 
binations of these volumes there would develop a systematic senes of theoretical 
works dealing with different specialized aspects of mammalian behavior, par- 
ticularly the behavior of human organisms Such a development would include 
volumes devoted to the theory of skills and their acquisition, of commumcational 
symbolism or language (semantics), of the use of symbolism in individual 
problem solution involving thought and reasoning, of social or ritualistic sym- 
bolism, of economic values and valuation, of moral values and valuation, of 
aesthetic values and valuation, of familial behavior, of individual adaptne 
efficiency (intelligence) , of the formal educative processes, of psychogenic dis- 
orders, of social control and delinquency, of character and personality, of 
culture and acculturation, of magic and religious practices, of custom hu, and 
jurisprudence, of politics and government, and of many other specialized be- 
havior fields (p 399) 
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of course, be no question about the range and ingenuity of the theo- 
retical applications and analyses in the indicated sources Whether, 
when taken together, they constitute “ considerable progress’ ’ towards 
the deduction of “all the objectively observable behavior of higher 
organisms” is distinctly another question 
We already know that, strictly speaking, no derivations of concrete 
empirical theorems are possible within the theory of Pr B This is be- 
cause the indeterminacies of the postulates, incompleteness of the formal 
structure, and the empirical hollowness of many of the variables are such 
that no full set of premises are available to mediate all steps in the 
derivation of any given empirically meaningful consequence The theory 
can be made to generate empirical consequences for stated sets of em- 
pirical conditions only in the sense that various of its components can 
function as premises, along with other premises of an ad hoc type im- 
ported for purposes of the “deduction” at hand This state of affairs is, 
of course, inevitable in any incompletely specified or “young” theoretical 
formulation, and assessments of the fruitfulness of preliminary theoreti- 
cal hypotheses m terms of such a maneuver is indeed desirable But such 
ad hoc , quasi-systemic 20 derivations should not be confused with deriva- 
tions which are fully determined by a theory (1 e , with systemic 
derivations) 

The entire range of “deductions” represented by Hull as following 
from the theory of Pr B must be regarded as “quasi-systemic deriva- 
tions” which are not uniquely determined by elements within the theory 
This, of course, means that, strictly speaking, the ascertained or ascer- 
tainable probability value of the theorems has no determinate relation- 
ship to the probability value of the theory The question of greatest 
importance in connection with quasi-systemic derivations is the extent 
to which their premises are determined by the theory, this obviously 
may t ary over a wide range If the degree of determination by the theory 
turns out to be high, this leads to the expectation that suitable develop- 
ment and further specification of the theory will make possible “genuine” 
sjstcmic derivation of the theorem in question It cannot be our purpose 
in this report to evaluate degree of systemic determination for each of 
the extensive group of “derivations” claimed by Hull, or each major 
cla*s of such We can, however, hazard a few general statements about 
such questions 

Wc must note that the wnde and heterogenous class of “deductions” 


A term 13 badlj needed in methodological discussion to designate ‘ derivations 
of theorems from a set of premises which contain both legitimate primitive or de- 
nied components of the theory and assumptions extrinsic to the theory In such a 
a ! 10n 18 bcm K made but 11 » not a derivation from 
of, n T® lhe throrct,cnl *« b « ct of promises Derivations of 

«« « T I! quMi^ystcmie dentations" while derivations all premises 

Of Which are uniquely determined by a theory, we will call ‘systemic derivations " 
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defined by Hull's cited references, are, \n general, not demotions (at 
any level) from the theory of Pr B Those contained in the nine pre- 
PrB theoretical articles were “derived” from varied sets of principles, 
considered either independently or in groupings relevant to some prob- 
lem area (e g , “simple tnal-and-error learning,” “stimulus equivalence,” 
etc ) , and these principles do not necessarily correspond to the postulates 
of PrB Indeed, there are marked differences between whatever theory 
was implicit in the pre-Pr B articles taken together, and the theory of 
PrB There were also frequent assumptions! changes at various points 
during the pre-Pr B period, as Hull's theoretical thinking evolved 
Again, there are marked differences between the postulate set of Mathe - 
matico-Deductive Theory of Rote Learning and that of PrB And, of 
course, the differences from the postulates of PrB of the assumptions 
used by such of the cited authors as Miller and Dollard, and Spence are 
even more marked Spence, for instance, in his theory of discrimination 
learning (116), assumes an entirely different relation between e Ejt (there 
was no b H b at the time) and N, than does the theory of PrB It must 
be emphasized that these considerations affect by far the largest number 
of “derivations” cited by Hull, including the majority of the more inter- 
esting and suggestive theoretical analyses that he has put forward 
The only “derivations” unequivocally related (at some lei el) to the 
theory of Pr B are the “random sampling of some fifty or so secondary 
principles (corollaries) included in the present volume” (p 398) 
That these must be regarded as “quasi-systemic derivations” i\e already 
know That the degree of systematic determination of these quasi-sys- 
temic derivations must be regarded as severely limited is implied by the 
entire trend of the present report 21 
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vant to various empirical problem clusters, not the components of a 
mature, or adequately specified theoretical structure They are guesses 
towards theory, not theory As explorations of the explanatory possibili- 
ties of such hypotheses, many of the quasi-systemic derivations put 
forward m one context or another by Hull take on a very great impor- 
tance Among them are to be found the brilliant and detailed explorations 
of the adequacy, to a wide range of empirical phenomena, of various 
“peripherahstic” explanatory mechanisms, which constitute the best fruits 
of Hull's thinking Since Pr B involves only slight reference to many of 
these ideas, any evaluation of the fruitfulness of Hull’s over-all contribu- 
tion based exclusively on PrB must do him a great injustice 
It may be instructive to provide some impression of the range of 
“theorems” and “theorem sequences” put forward in one source or 
another by Hull Even a random list would include “deductions” rele- 
vant to detailed selective and tnal-and-error learning phenomena (e g , 
28, 32, 45, 48, 65, 66, 78) , detailed empirical relations arising from CR re- 
search (e g , 3, 26, 37, 47, 56) , human rote learning phenomena (39, 40, 
51) , stimulus and response equivalence (34, 35, 47, 56, 67, 78) , stimulus 
“patterning” (50, 56, 60) , many phenomena concerning empirical rela- 
tions among learning and motivational variables (33, 42, 56, 75, 78) , 
complex adaptive behavior phenomena such as factors associated with 
“purpose,” “knowledge,” “foresight,” “behavioral short-circuiting,” con- 
flict, various forms of complex “transfer” phenomena, certain forms of 
“insightful” problem solution, and “reasoning” (e g , 29, 30, 34, 35, 38, 
44, 78) In a series of seminar memoranda, and in a little-known article 
(49), provisional rendering of a number of psychoanalytic relationships 
and psycYiopaVnologica’i phenomena within the terms ol the “theory" 
has been attempted Two articles (57, 61) inquire into the possibilities 
of dealing with empirical phenomena of “value” within the concepts of 
the theory And, of course, there are the many derivations — relevant to 
all of these topics and others — represented m work done by students and 
collaborators which, to one extent or the other, bear the imprint of Hull’s 
theoretical ideas (eg , 1, 11, 12, 14, 22, 84, 96, 97, 99, 102, 116, 131, 140, 
144, 148) 

Among the most interesting of these “derivations” are the attempts to 
applj a number of potential explanatory principles to behavioral rela- 
tionships of great complexity and subtlety (e g , “reasoning and insight,” 
the role of “guiding ideas,” complex forms of “transfer,” etc ) These, 
for the most part, imoHc constructs the lawful properties of which are 
considered by Hull to represent secondary principles Important ex- 
amples would be the principles connected with “the fractional anticipa- 
tor} goal response” (r 0 and its associated stimulus s 0 ) (e g , 30, 32, 34, 
33, 38, 42, 44, 78) , \arious functional roles of propnoceptn c stimulation 
such as a as a function of “the pure stimulus act” (c g , 29) , and “the 
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habit family hierarchy” (eg, 34, 35, 38, 44) Such mechanisms, because 
they were regarded as corresponding to secondary principles, were not 
considered m Pr B , despite the fact that they are among Hull's most 
valuable contributions No theorist has pushed the evaluation of the 
explanatory potentialities of possible peripheral mechanisms further than 
has Hull and no theonst has been more ingenious in “constructing” such 
mechanisms It is likely that no future attempt to develop theoretical 
formulations of behavior — whether within the framework of what is 
currently regarded as a “purely” S-R approach, or outside of it — can 
afford to neglect the role of such factors 

Other “derivational” accomplishments of Hull which are impressive, 
though hardly as fruitful for the future of our science as those just 
considered, should be mentioned Among them are the many theorems 
pertaining to detailed aspects of human rote learning derived within 
Mathematico-Deductive Theory of Rote Learning (51) These are per- 
haps the only empirically significant theorems among all of Hull’s 
derivations which have the status of systemic rather than quasi-systemic 
derivations But it must be emphasized that these derivations are sys- 
temic only with respect to the rote learning theory With respect to the 
theory of Pr B , they — like all other cited “derivations” — must be re- 
garded as quasi systemic Finally, we should note that Hull’s concern 
with attempts to derive as theorems principles assumed by other theorists 
as primary, led, on occasion, to interesting if ad hoc analyses, such as 
the consideration of “patterning” (pp 349 380) m Pr B 

2 Degree of Confirmation 

There are two “levels” at which evaluation of the evidence supporting 
the theory of Pr B might be carried out 

(1) The first would have to do with the detailed evidence on which 
each of the postulates is based, and the evidence for the conse- 
quences of these postulates taken singly or in combination ns the* 
apply to determinate sets of empirical conditions within their 
range 

(2) The second “level” would proceed on the assumption that Pr B 
defines an approach to a certain hind of theory Such an c\ abla- 
tion would proceed by first isolating tho^c assumptions which 
seem most crucial to the delimitation of the approach (“core’ 
assumptions), and appraising the empirical evidence for thc«e core 
assumptions 

The purpose here is mere!} to consider thc«c two "Icicls" of evaluation 
in a cursor}- and general ira} Tciri (2), alien proper!} interpreted 
represents an important line of activit' which can onh tw earned out 
!,} the efforts of man} workers, and prcfcrabH in the contra! of Hull • 
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theoretical contributions m general, rather than as exclusively related to 

Pr B 

a. Evidence for the detailed content of Pr.B as formulated. The 
implications of the entire preceding analysis of PrB are such as to 
justify conclusions of some deterrmnacy, at this level of evaluation We 
have already adduced many grounds to show that both in mode of 
formulation, and mode of construction, the postulates of Pr B are such 
that they cannot possibly be empirically valid over the very general 
(indeed universal) range of reference for which they are asserted Since 
these postulates are in effect based directly on curve-fitting determina- 
tions, their detailed empirical validity, for any finite sub-part of the 
intended range of application, can best be evaluated m terms of the 
experiments on which they are based, and the accuracy with which 
the experimental data are described by the fitted function forms 

With regard to certain of the experiments which serve as inductive 
base for postulates of PrB , we have had occasion to note these things 

(a) They are selected or designed with little prior concern for their 
“representativeness” as instances of the reductive symptoms of 
the theoretical variables to which they are ordered 

(b) The data are often — by virtue of “selectedness,” size of statistical 
N , laxity or inappropriateness of experimental conditions, paucity 
and injudicious distribution of the obtained values over the range 
of the function — entirely unsuitable for quantitative specification 

(c) Pits of the data by the empirical equations often seem far from 
precise 

It would be boTesome and superfluous to spell out such points for all 
experiments on which the postulates of PrB are based A substantial 
quantity of such commentary is already available in the critical litera- 
ture on Hull (eg, 21, 91, 92, 108, 109, 114) Adding to such literature 
would, in any case, constitute a revival of dead issues, for Hull in his 
later formulations abandoned many of the experiments which comprise 
the induction basis of PrB , and substituted new ones In Part II, we 
will have much to say about the content and adequacy of these newer 
studies 

Hull and many of his followers have often tended to place primary 
emphasis on evaluating the empirical validity of postulates m terms of 
their consequences, rather than via relatively direct examination of the 
evidence on which postulates are based What seems involved here is a 
legitimate, but misapplied, point in scientific method The establishment 
of empirical validity of a postulate is, to be sure, logically independent 
of the considerations (inductive or otherwise) which have suggested the 
assumption By definition, a postulate can only be -verified in terms of 
its consequences But when an empirical postulate is constructed by 
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direct curve-fitting procedures of the sort Hul! employs, then the experi- 
mental relationship to which the equation has been fitted must become 
a very immediate "consequence" of the postulate Since, as we already 
know, a theory of the form of PrB can generate only quasi-systemic 
derivations, no “consequences 1 ' more remote than the fitted data can 
be expected to possess a comparable degree of systemic determination 

This appeal of Hullians to “consequences" ioT the empirical validation 
of such postulates as those of Pr B is apparently prompted by the very 
large range of experimental and observational phenomena which are 
made to appear “in line” with the theory by Hull’s quasi-systemic 
derivations Though a good number of these "derivations" may justly 
strengthen our confidence in something within the theory of Pr B , it is 
difficult to determine in what Since the derivations are quasi systemic, 
certainly this “something" cannot be the specific details of the theory 
of Pr B , as formulated The determination of what these “somethings" 
are is a fruitful direction m which the future exploitation of Hull's 
contributions might go 

b Evaluation of “core” assumptions. Suppose that empirical evalua- 
tion of the detailed content of the theory (level 1 ) leads to the con- 
clusion that the evidence level for all or most of the postulates is not 
acceptable The option now arises of interpreting the "theory” of Pr.B 
as a prematurely over-detailed program towards theory, which happens 
to be wrong in most of its details A question which may now become 
dominant is "How good is the program?" Does, in other words, PrB 
limn in the contours of a fruitful approach within which an empirically 
adequate theory may ultimately be constructed? One direction of inquiry 
established by this question is towards isolating those assumptions which 
critically determine the contours of this approach, and examining the 
evidence for such “core" assumptions 

This latter direction has in fact been taken in much experimental work 
and conceptual discussion in recent years The motive, however, has not 
uniformly been one of dispassionate analysis More often such efforts 
have represented (o) polemical attempts to "refute" the entire super- 
structure of the theory by presumably "critical” tests of foundation 
assumptions or (6) equally polemical attempts to establish the plausi- 
bility of the entire structure by the verification of foundation as- 
sumptions In both cases, the value of the work has been mitigated b> 
failure to explore the concrete relations between the "foundation" as- 
sumptions under test and the theory, or theoretical program, presumably 
founded on these assumptions Agreement has been general that the core 
assumptions on whose empirical validity the entire "theory” or program 
must stand or fall is some form of the principle of reinforcement (postu- 
late 4) and possibly the principle of primary stimulus generalization 
(postulate 5) Furthermore, a consensus seems established, on both sides 
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that the core assumptions under test need not be postulates 4 or. 5 as 
formulated , but more fairly some irreducible residue of these principles 
beyond which they cease being Hull. 

What seems to have been considered not at all is the possibility that 
no single postulate or group of postulates of Pr.B. can be considered as 
containing empirically testable core assumptions on which some inte- 
grated framework of theory logically depends. The trend of this report 
is to suggest that the formulations of Pr.B. are of a type which do not 
permit the identification of “core” assumptions in this sense. The inde- 
terminacies in all classes of definition of all classes of variables, and in 
the statements of postulated linkages are such as to preclude (a) de- 
terminate isolation of empirically significant core assumptions, and (6) 
determinate tests of apparent core assumptions, once isolated. 

The preceding observations are borne out, in part, by the difficulties 
in arriving at unequivocal specification of what is under dispute in such 
issues as the “latent learning” (132) and “continuity-noncontinuity” 
(90, 106, 119) controversies. At best, the object of dispute might be 
localized (in terms of Televance to Hull’s theory) in some such way as: 
“Any statement which links a H n , via some kind of increasing functional 
relationship, to the number of reinforcements.” But — merely to take one 
difficulty — matters get very fuzzy indeed when the attempt is made to 
specify the empirical meaning of “reinforcement” in a sense necessarily 
constituted by Pr.B. If we add to this the fact that Hull’s theory of 1949 
includes a revised formulation of the “law of habit formation” which 
seems entirely compatible with the phenomena of “latent learning” 
(cf. Part II) , the situation becomes more equivocal than ever. There is 
no doubt that in such experimental controversies as the “latent learning” 
issue and the question of continuity versus noncontinuity interpretations 
of learning, problems of considerable importance relevant to the condi- 
tions governing “learning” are under dispute, but their bearing on the 
empirical content of Hull’s “theory” or theoretical program must remain 
as indeterminate as the structure of that theory or program. 22 

Another group of findings which have been represented as embarrass- 
ing to the principle of reinforcement of Pr.B. are the observations of 
Skinner (113, 115) and others (79, 80, 81) on “intermittent reinforce- 
ment.” These findings indeed point to certain empirical variables (associ- 
ated with “pattern” and distribution of “reinforcements”) omitted in 
any of Hull’s specifications of the conditions constitutive of E H R . As 
such, they have a definite bearing on any empirical interpretation which 
can be made of postulate 4. They do not, however, “overthrow” the 
“core” o f Hull’s approach, because we have seen that it is meaningless 

statement applies with equal or greater force to the 
cognitive and field theories whose "consequences” are also allegedly under test 
in these disputes. 



CLAHK L. HULL 95 

to identify any interpretation of any postulate of Pr.B. as a “core" of 
anything, other than the postulate in question. 

Similarly, the rationale behind the analysis of generalization has been 
interpreted as a core component of Pr.B., notably by Lashley (91). There 
is no question but that the quantitative form of this principle (postulate 
5), deriving as it does from Hovland’s two experiments (23, 24) con- 
cerned with a single sensory modality, must be regarded as only tenu- 
ously established. Nor can it be denied that the Hullian conception of 
sHjc as a connection between a “zone” of "stimuli” (or afferent impulses), 
varying in “similarity” on a “stimulus dimension,” and a reaction (or 
“zone” of similar R’s or r'a), contains grave difficulties. Not the least of 
these, is the ambiguity in the definition of “similarity” (the d variable) , 
and the inadequacy of extending the notion of a simple stimulus- 
attribute continuum like frequency or intensity to stimulus object “con- 
tinua” (e.g., Hull’s example of the rotated die, p. 33). And the incon- 
sistency with known physiological limiting conditions, of the behavioral 
(sic) assumption that association occurs between afferent impulse zones 
and reaction or reaction-zones, is not entirely irrelevant. Nevertheless, 
any contention that such difficulties must lead to a denial of the "validity 
of the entire structure” of Hull’s theory (91) assumes that this structure 
is sufficiently determined to be unsettled by the inadequacy of a single 
principle. 

If our analysis of the condition of the theory of Pr.B. is correct, it 
becomes meaningless to look for “core” assumptions in the sense in which 
this has been customary in the experimental polemics surrounding Hull’s 
theory. It is realized that this is a radical statement which will perhaps 
be accepted less readily than the analysis of Pr.B. by which it is implied. 

It is important that what we assert be understood. We do not say that 
it is valueless to test possible empirical interpretations of the assumptions 
of Pr.B. We do not say that such experiments have no inferential bear- 
ing on the plausibility of these interpretations, and that the interpreta- 
tions have no bearing on the relevant principles of Pr.B. We say only 
that the postulates of Pr.B., considered either as defining a theory or 
the framework of theory, are not of sufficient determinacy to permit 
isolation of core dimensions of Hull’s theoretical program. To make this 
point specific, we should note that many of the types of “consequences” 
which Hull has represented as “following,” say, from the principle of 
reinforcement, continue to “follow” to the same extent, even if wc sub- 
stitute a principle of contiguity (or, in general, the same “consequences” 
follow from a wide range of alternate interpretations of various compo- 
nents of the principle). Again, many of the “derivations” involving the 
principle of generalization remain "derivable” to the same extent, from 
alternate principles which include no reference to stimulus “zones” or 
“continua.” The belief that empirical core assumptions can be found in 
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a sense m which investigators have sought them is premised on the belief 
that Hull’s formulations are far more advanced towards theory than 
they are 

There is a sense in which it is fruitful to look for core components of 
Hull’s approach to theory But this is not in the direction of postulates 
It is in the direction of his orienting attitudes, and the various guiding 
ideas, explanatory mechanisms, scattered hypotheses which look towards 
theory, that function in some way m the many “derivations” and pre- 
theoretical analyses he has put forward The evaluation of which of the 
orienting attitudes of a theorist like Hull are both feasible and fruitful 
is a matter of great moment for the future development of the field 
Also of great importance would be the isolation and further development 
of those pre-theoretical hypotheses which, in one context or another, ap- 
pear to contain promising explanatory potential In this connection, it 
must be remembered that the fertility of such mechanisms as To, certain 
applications of So, various of the concrete roles imputed to proprioceptive 
stimulation, mechanisms such as secondary and indirect generalization, 
the habit family hierarchy, etc , is independent of their “derivabihty” 
from the postulates of PrB , or any alternate set that Hull has put 
forward Their possible fertility is also independent of any commitment 
to exclusively peripheral or S R variables for the analysis of behavior 
It is likely that such materials are much closer to anything that may he 
considered the core of Hull’s approach than are the postulates of Pr B 
It is also clear that a search for core components of this order can go 
only a short way via any analysis restricted to PrB , but rather must 
be based on the entire range of Hull’s writings 

As a Sinai point in this section, we should add that the several research 
clusters developed largely in the attempt to test Hullian “core” assump- 
tions may be interpreted as having quite another utility Although it is 
outside the scope of this report to discuss the details of these experi- 
ments, what seems most instructive about the results is the extent to 
which they underscore our present distance from any confident general 
identification of the conditions under which learning may be expected to 
occur Recognition of that distance could lend a note of sobriety to the 
evaluation of the currently feasible in the field of learning theory 

3 Empirical Tlcxibihitj m Practice 

Hull has argued in many contexts that only through the explicit use 
of hjpothetico-dcductnc procedure can a determinate relationship be 
established between theoretical principles and empirical evidence Thus, 
“openness” to modification and refinement in accordance with empirical 
evidence has often been represented as a virtue of Hull’s theory We 
ha\c alrcadj gi\cn sufficient attention to the fact that the hypothetico- 
deductive explicitness attained in PrB by Hull was more a matter of 
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appearance than reality, and thus that only “quasi-systeimc” derivations 
of empirical theorems was possible Nevertheless, the “degree” of system- 
atic determination of theorems, particularly as regards relatively im- 
mediate consequences of the postulates, is certainly greater in principle 
than m most presumably general “theories" of behavior 

Since what has been called “theory” in recent psychology is largely 
a system of the theorist's behavior , it may be of interest to evaluate 
briefly the extent to which the theorist of Pr B show ed a disposition to 
adjust the principles of the theory to apparently conflicting empirical 
outcomes Nothing would be gained by a detailed tracing through of 
‘cases,” but in general we can say these things 

(а) There is certainly evidence that Hull showed a tendency to neglect 
contrary empirical data (sometimes at least as adequate as the data 
selected) in the initial formulation of the postulates of PrB (92) 
Analysts may disagree on the extent to which such selectiveness is 
inevitable and legitimate, but they cannot disagree on the fact of selec- 
tiveness 

(б) Both before and after the publication of PrB , Hull showed an 
imperviousness to the apparently “embarrassing” data of “latent learn- 
ing” and “intermittent reinforcement ” Other workers within the HuIIian 
framework can certainly not be accused of such neglect (10, 120, 124, 
128) , but Hull himself remained aloof from this material 

(c) During the years between 1943 and 1949, Hull showed a tendency 
not to acknowledge the bearing on his theory of apparently contrary 
findings deriving from certain other experiments specifically designed to 
test details of his assumptions (eg, 87, 109) 

Despite the above points, it is not true that Hull held fixedly to some 
“frozen" formulation of his principles over any long interval of his career 
In the pre Pr B days, revisions and further specifications of formulations 
on the basis of empirical evidence were frequent In general, though, 
these changes tended to rely on experiments carried out at Yale in con- 
nection with Hull’s research program, and only rarely reflected respon- 
siveness to findings from other laboratories As we will see in Part II, 
almost immediately after the publication of PrB, Hull embarked on 
a methodologico experimental program calculated to remove many of 
the quantitative deficiencies of that work This effort culminated in the 
postulate sets of 1949 1951 which define a radically new “theoiy” of 
behavior The many changes, as against the postulates of PrB , produce 
an initial impression of marked responsiveness to the empirical evidence 
which had accumulated over the intervening years Closer analysis will 
show however, that virtually all changes register a far reaching response 
to the demands of the new quantificational methodology, and not to 


empirical evidence 

It nould be futile to compute 


coefficients of empirical flexibility for 
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the theoretical behavior of Hull’s rivals during the past few decades 
We may sharply doubt, however, that competing systematists have 
yielded more gallantly to the encroachments of fact The mam purpose 
served by the preceding brief discussion is to suggest that the responsive- 
ness of a set of hypotheses to evidence is not an automatic by-product 
of the “degree of systemic determination” of their consequences The 
fact that Hull’s formulations were modeled more closely on a hypo- 
thetico-deductive pattern than has been the rule in psychology, provided 
no guarantee that any given degree of empirical “sensitivity” would pre- 
vail 

4 “Special Virtues” of the Formulations of Pr.B. 

From everything we have said, it is evident that the chief “virtues” 
of the “theory” of Pr B are not to be found in the detailed postulational 
content, or m any reasonably concrete framework for a future theory of 
behavior The fruitful components of PrB represent various orienting 
attitudes, preliminary variable identifications, and “pre-theoretical” hy- 
potheses, some combination of which may prove useful in the slow ap- 
proach towards future theoretical analyses of behavior For the most 
part, such potentially valuable components of PrB are apparent only 
to the extent that they reflect emphases and ideas developed by Hull 
m the wider context of his theoretical writings generally Thus, many 
of the “virtues” of Pr B can best be gotten at only through consideration 
of the fruits of Hull’s over-all effort, and this we propose briefly to do 
in Part III In the present section, we restrict attention to a few advances 
in Hull’s theoretical thinking which were defined (m published form) 
lor the first time m Pr B 

Pr B introduced a large number of changes as against earlier formu- 
lations of Hull’s theory In retrospect, certain of these, such as the intro- 
duction of s (the afferent impulse) and r (the efferent discharge), and 
the principle of “neural interaction,” do not seem entirely judicious The 
attempt to approximate a greater degree of “quantitativeness” than in 
earlier formulations has certainly not proven judicious It would be 
difficult to regard the inhibition assumptions (postulates 8 and 9) in 
the form ra which they appear in PrB as an improvement over any- 
thing One set of modifications, however, stands out as a major advance 
This has to do not with the detailed content of any postulate, but rather 
with the general arrangement of the variables discriminated within Pr B 
In pre-Pr B formulations of his system, Hull had represented behavior 
as direct!} deniable from “excitatory potential” (or “excitatory tend- 
encies”) which was conceived to be directly established by reinforce- 
ment or “conditioning ” No distinction comparable to that between B Hfl 
and *Ep was m existence Thus, m pre-1943 presentations, no systematic 
distinction was made between variables (and pnnciples) constitutive of 
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holnt acquisition ("learning”) and variables or principles governing 
habit functioning ("performance"). It has become more or less a con- 
vention to note this feature of PrB as an advance m Hull's theoretical 
thinking, but it is rare that the importance of this apparently modest 
stride is fully appreciated 

The distinction between “learning” and “performance” had been avail- 
able in the field for some years (89, 136), and had been much stressed 
by a certain group of theorists Nevertheless, this distinction had been 
exploited” in only two senses, (a) to emphasize the obvious method- 
ological point that, if “learning” be conceptualized as a set of relatively 
permanent intra-organismic modifications, then the (intervening) vari- 
ables which represent learning “structures” cannot be identified with the 
observable changes m behavior from which they are inferred, and (6) to 
point to the “existence” of empirical phenomena which imply that 
changes in learning variables may take place independently of concur- 
rently observable changes m behavior (i e , “latent learning”) 23 The 
learning-performance distinction seems simple enough, but it has im- 
portant consequences for the structure of any (“non-positivistic”) theo- 
retical approach to the analysis of behavior, and correspondingly 
important implications for the experimental analysis of behavior It 
implies that any attempt to conceptualize behavior which deals with 
“training-effects” in terms of relatively permanent changes m value 
and/or state of a special class of intervening variables (eg, habit, 
“expectancy,” trace), must contain two cleanly discriminated sets of 
principles One set of principles must relate relevant empirical charac- 
teristics of the training situation to the original “formation” or “acqui- 
sition” of such learning “structures ” An independent set of principles 
must bring to bear, on another class of intervening variables ( perform- 
ance” variables), the effects of relatively transient empirical conditions, 
other than those of original training, which may influence behavior at 
any given time Such a conceptualization would then consider momentary 
behavior to be some joint function of the learning variables, as calcu- 
lated from the conditions of original training, and the performance vari- 
ables representing conditions concurrent with the momentary behavior 
It would be unfair to say that no “theory” preceding PrB had made 
provision for such a distinction m the arrangement of its variables 
Certainly Lewm had realized in his formulations some such distinction, 
although the identification and the relevance of learning variables had 
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rid concern us “'re no more then rt did Hull Unfortunately, the pBjcholosrln 
\7lfo stressed the distinction between ' learning and performrinee pieced almost 
who stressed ui nresumptue implication of certain experimental fmdimr*' 

and U tended m t P o h forget that the distinction has important hcunstie implications for 
the detailed ccperimenta! nnalyis of behanor 
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remained vague in the extreme. Tolman, too, had “arranged” some of 
his variables in rough accordance with this distinction. Neither, how- 
ever, had implemented the distinction with any experimental program 
designed to unscramble detailed “learning” and “performance” relation- 
ships. It is to Hull’s credit that the “theory” of Pr.B. showed the most 
consistent and comprehensive recognition of the need for independent 
sets of principles relevant to habit acquisition as against habit function- 
ing of any prior formulation, and, at the same time , suggested an experi- 
mental methodology capable of differentially exploring such relationships 
in more than a token way. 

It will be recalled that in Pr.B. Hull consistently distinguishes $ and s 
(the stimulus or afferent impulse of original “conditioning”) from S and s 
(the stimulus or afferent impulse of “action-evocation”), and similarly that 
ft is consistently discriminated from R. Postulate 4 introduces the basic 
“learning” variable sHr as a function of the presumably relevant empirical 
conditions of the training situation. Final behavior is mediated by sEr ns 
the terminal intervening variable of the formulation. Between s Hr and 
s Er is a chain of intervening variables calculated (with the possible excep- 
tion of s/jj) to represent various momentary behavior-production factors. 
Thus, sffn is designed to bring differences in the current stimulating situa- 
tion (from that of original learning) into the causal analysis; sEr introduces 
the role of current drive conditions; i R , the momentary conditions of inhibi- 
tion; and s Or, the effect of various nonpredictable sources of momentary 
variability in sfi R . 

Perhaps more important than this merely formal arrangement of 
variables, is the appearance in connection with the formulations of Pr.B. 
of one of the first experiments to embody a design which implements the 
learning-performance distinction in other than a demonstrati on al or 
casual sense. This is the Perin experiment (103) which, despite its 
shortcomings as the exclusive basis for a quantitative and general “postu- 
late” on primary motivation, is the first experiment in the literature to 
attempt dissociation of the effects of variation in drive “strength” on 
performance ns contaminated by concurrent training, from its effects on 
performance in combination with controlled degrees of previous training. 
The simple multi-variable design of the Perin experiment may not ap- 
pear to be a contribution of cosmic importance; nevertheless, it consti- 
tutes one of the few clcaT-cut forward steps in mode of question formula- 
tion in several deendes of research on interrelations among “learning” 
and “motivational” variables. 

In line with the clear distinction between learning and performance 
variables, and the considerations giving rise to the Perin experiment, 
Hull in 1913 extended his analysis of primary motivation in a fruitful 
direction. The former attempt to deal with the behavioral elaborations 
of motivational factors exclusively in terms of S D is now supplemented 
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by the direct “sensitizing’' or “energizing” effects of drives on the habit 
structures mediating response evocation This addition, while hardly 
bringing Hull close to a “complete” analysis of motivation, makes possi- 
ble suggestive preliminary treatment of a far wider range of motivational 
phenomena than was possible when drive was equated with a condition- 
able, persisting stimulus 

Though these “advances” may appear somewhat modest as against the 
intentions of Pr B , or the wishes of those who consider such intentions 
feasible, they are genuine Their apparent magnitude may serve as an 
index to where we stand ms a vis theory in the heroic mode 


Part II. The 1919-1951 Postulate Sets 24 
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slightly improved m the small 1951 volume, Essentials of Behavioi 
(75), which provides brief textual elucidation with each of the postu- 
lates 25 For these reasons, much reading between lines becomes neces- 
sary, and much of the content and rationale of the theory must be 
reconstructed by collation of the new postulates with the “memoranda” 
and journal articles of the post-Pr B period Thus, the analyst must face 
a greater than ordinary risk of being provefi injudicious, and is almost 
certain to be construed as unfair 

The examination of the new postulates proceeds in terms of a detailed 
comparison with the 1943 version of the theory It was not considered 
desirable to do this m terms of the set of analytic rubrics which de- 
termined the organization of our account of the earlier theory This 
would have eventuated m much overlapping, and would in any case 
represent a mode of analysis unsuited to the skeletal condition of Hull's 
recent formulations 

Background considerations. The publication of Pr B in 1943 had 
widespread repercussions on the experimental and theoretical activity in 
“fundamental” behavioral psychology It is a tribute to Hull that from 
1943 to the present his conceptions have literally dominated the scene 
within “learning theory,” either as foci of controversy, or as sources of 
hypotheses for further experimental elaboration or evaluation During 
the interval 1943-1949, many experiments designed to test specific con- 
sequences of Hull’s theory were performed, and many experiments not 
motivated by this intention yielded relevant data In addition, the 
interminable “latent learning” (132) and “continmty-noncontmuity” 
(90, 106, 119) controversies raged on, at both conceptual and experi- 
mental levels Despite the accumulation of much incompatible experi- 
mental data and conceptual criticism (eg, 81, 87, 91, 92, 94, 101, 105, 
108, 109, 114, 137), Hull seemed to cling, during most of this period, to 
his 1943 formulations with a tenacity unbecoming to a hypothetico- 
deductive theorist The pendulum swung dramatically in the opposite 
direction with the new postulate sets These sets are not only replete 


Essentials was apparently a stop-gap publication intended by Hull to provide 
sufficient elucidation of the 1949-1950 postulates to render them intelligible, m 
some degree, to the psychological public until the time when fuller exposition could 
be provided in a more extensile book Hull completed this book, in which the new 
postulates are used “m making concrete deductions of the systematic details of 
indu idual (non-social) behavior” (70, p 174) shortly before bis death During the 
writing of the present report, the author did not know whether this final book of 
Hulls would be pubh«hed posthumously Actually, the book here referred to— A 
Behavior System (78) — was published shortly before the manuscript for this report 
was rent to the editor It was therefore possible to give this volume brief consider- 
ation m the Appendix to the present analysis (cf pp 167-169, this report) It may be 
m erening to note at this place, that A Behavior System does not carry the eluci- 
dation or the new postulates much bejond the point of Fssentials, but concentrates 
in. trad on the rcbituely informal* dcmation of theorem sequences pertaining to 
a wrc number of empirical problem-clusters 
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with modifications m the detail of many of the assumptions, they repre- 
sent a major realignment of the entire theoretical framework— a realign- 
ment so radical as to include, as only one of its features, something very 
close to a total abrogation of the reinforcement principle Only the barest 
index to the magnitude of the alterations is given by Hull’s statement 
(70, p 174) that 

the mathematical aspects of many of the postulates have been formulated, 
or reformulated, and the verbal formulation of nearly all has been modified by 
a certain extent One postulate [the reference is to postulate 10 of Pr£ 
sOjil has been dropped in part as empirically erroneous, some postulates 
ave been divided, and others have been combined, several new postulates 
l ' L ’ e been added, and a number of the original postulates have been derived from 
others of the present set and now appear as corollaries The net result is an 
increase of from sixteen to eighteen postulates, with twelve corollaries (brackets 
mine) 

In actuality, the scope of the changes is such as to produce what must 
be considered an essentially new theory, related to the theory of Pr B 
m terms of the orienting attitudes which govern its construction and the 
general identification of variables, but differing m the content of almost 
every assumption No meaningful perspective on the significance of 
Hull’s contributions can be achieved without careful inquny into the 
grounds for these changes Hull’s death makes it all the more important 
to arrive at an understanding of the factors responsible for the terminal 
status of his theory 

Plan of discussion We begin the analysis with an indication of (A) 
the major changes of emphasis which the 1919-1951 postulate sets intro- 
duce We continue with consideration of ( Bf the near technique of 
Quantification and postulate construction, and its impact on the 1949- 
1951 theory, and (C) a sampling of further changes with regard to cer- 
tain key hypotheses and concepts A brief set of concluding considera- 
tions (D) considers the import of the new theory for the evaluation of 
Hull’s long-range theoretical effort 

A MAJOR CHANGES OF EMPHASIS 

One of these is a glaring modification of "core” assumptions which wo 
will refer to as attenuation of the reinforcement principle ’ The second 
is a more subtle affair which seems to betoken an mcrcascd scnsitmly 
on Hull’s part to the difficulties occasioned by the unrestricted generality 
of his previous formulations This we discuss under the heading "in- 
creased localism of the theory language ” 

I. Attenuation of the Pcmforccmcnt rrinaplc 

The change likely to produce maximum amazement, even to the evual 
reader of the 1919-1951 postulate sets, is the marked shift in the idcntifi 



104 MODERN LEARNING THEOR1 

cation of the conditions which govern habit functioning or “performance 
( 8 E k ), as against habit acquisition or “learning” ( s Hr) Id 1943, the 
crucial principle of the theory, postulate 4 on reinforcement, defined 
habit strength as a mathematical function of four empirical variables 
(1) number of reinforcements ( N ), (2) magnitude of need reduction (iy), 
(3) delay of reinforcement (t), and (4) degree of S-R asynchromsm 
(£' and t") In the 1949 postulate set, only one of these variables— N 
(now written N) — is retained as a determinant of habit strength Two 
of the others — w (albeit redefined with great specificity as “weight of 
food given as reinforcement”) and the delay of reinforcement (£) — are 
now functionally related to reaction potential rather than habit strength 
S-R asynchromsm is eliminated as a determinant of anything its system- 
atic burden now apparently being carried by the new V or stimulus 
intensity dynamism factor m conjunction with other principles of the 
theory (such as the new postulate II on “molar stimulus traces”) 

More concretely, the present arrangement, in comparison to the past, 
is this Corresponding in function to the old principle of reinforcement 
(postulate 4) are the two “new” postulates, III (“Primary Reinforce- 
ment”) and IV (“The Law of Habit Formation”) Postulate III states 
that (75, p 20) 

Whenever an effector activity (R) is closely associated with a stimulus afferent 
impulse or trace (s) and the conjunction is closely associated with the rapid 
diminution in the motivational stimulus (S D or s G ) there will result an increment 
to a tendency for that stimulus to evoke that response 

Postulate IV reads (75, p 32) 

If reinforcements follow each other at evenly distributed intervals, everything 
else constant the resulting habit will increase in strength as a positive growth 
function of the number of trials, according to the equation, 

Notice that in addition to dropping the three other variables which in 
1943 determined B Hn, the event which follows the stimulus process — • 
response process conjunction is now no longer the “diminution of a 
need,” but rather “the rapid diminution in the motivational stimulus ” 29 

** It be of interest to note that in the statement of postulate III in the 
1050 Ect (70) the phrase 'diminution in the receptor discharge characteristic of 
a need occurred m place of “rapid diminution in the motivational stimulus 
(5» or so) ” This is one of the very few changes as between the 1950 and the 1951 
postulate acts The insertion of ' rapid may register some concern on Hull e part 
o\ cr the flagranti} non-differenliatmg implications of ‘ diminution” per se as the 
mark of reinforcement but we are not told what ' rapid means in this connection 
The change from ‘receptor di«charge characteristic of a need to “motivational 
stimulus may betoken nothing more than a vagrant desire to avoid physiological-' 
founding language m this place but it is possible also that Hull was no longer" 
comfortable about referring to receptor discharges” or even * stimuli ’ as a property 
o[ drives There are evidences m Essentials to the effect that null had reverted to 
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Also, the principle of secondary reinforcement, which in 1943 was em- 
bedded m the primitive reinforcement assumption, is now a derived 
principle, appearing as corollary ii under postulate III. 

It will be recalled that old postulates 6 and 7 introduce the concepts of 
D and S D (postulate 6), and assert the well known multiplicative consti- 
tution of a E B by 8 H r and D (postulate 7). Analogous in function to 
these, are new postulate Y on primary motivation or drive, and new IX 
along with contributory postulates YI, VII and VIII. Postulate VI on 
stimulus intensity dynamism introduces the new intervening varia e 
as a function of stimulus intensity. Postulate VII introduces the incentive 
motivation variable K as a function of w. A delay in rem 
variable J is introduced by postulate VIII as a function o . os u 
IX can then assert that (p. 59) : 

“ b E* = D xv,x Kx j X bHs, 
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cation of the conditions which govern habit functioning or “performance” 
( a K B ), as against habit acquisition or “learning” {bHr) In 1943, the 
crucial principle of the theory, postulate 4 on reinforcement, defined 
habit strength as a mathematical function of four empirical variables 
(1) number of reinforcements (N), (2) magnitude of need reduction (to), 
(3) delay of reinforcement (£), and (4) degree of S-R asynchronism 
(£' and £") In the 1949 postulate set, only one of these variables — N 
(now written N) — is retained as a determinant of habit strength Two 
of the others — w (albeit redefined with great specificity as “weight of 
food given as reinforcement”) and the delay of reinforcement (£) — are 
now functionally related to reaction potential rather than habit strength 
S-R asynchronism is eliminated as a determinant of anything, its system- 
atic burden now apparently being carried by the new V or stimulus 
intensity dynamism factor m conjunction with other principles of the 
theory (such as the new postulate II on “molar stimulus traces”) 

More concretely, the present arrangement, m comparison to the past, 
is this Corresponding in function to the old principle of reinforcement 
(postulate 4) are the two “new” postulates, III (“Primary Reinforce- 
ment”) and IV (“The Law of Habit Formation”) Postulate III states 
that (75, p 20) 


Whenever an effector activity ( R ) is closely associated with a stimulus afferent 
impulse or trace (s) and the conjunction is closely associated with the rapid 
diminution in the motivational stimulus (Sj> or $ 0 ) there will result an increment 
to a tendency for that stimulus to evoke that response 

Postulate IV reads (75, p 32) 


If reinforcements follow each other at evenly distnbuted intervals, everything 
c «c constant, the resulting habit will increase m strength as a positive growth 
function of the number of tnals, according to the equation, 

b H r - 1-10-“ v 

M° 4 o CC , l hat m addltl0n to dropping the three other vanables which in 
943 determined B H n , the e\ent which follows the stimulus process — 
response process conjunction is now no longer the “ diminution of a 
need, bu t rather “the rapid diminution in the motivational stimulus ” 26 
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Also, the principle of secondary reinforcement, which in 1943 was em- 
bedded in the primitive reinforcement assumption, is now a derived 
principle, appearing as corollary ii under postulate III. 

It will be recalled that old postulates 6 and 7 introduce the concepts of 
D and S D (postulate 6) , and assert the well known multiplicative consti- 
tution of S E R by B U R and D (postulate 7). Analogous in function to 
these, are new postulate V on primary motivation or drive, , and new IX 
along with contributory postulates VI, VII and VIII. Postulate VI on 
stimulus intensity dynamism introduces the new intervening vana e 
as a function of stimulus intensity. Postulate VII introduces the incentive 
motivation variable K as a function of w. A delay in reinforcement 
variable J is introduced by postulate VIII as a func ion o 
IX can then assert that (p 59) : 

• t B EM = DX V,XKXJX bHk, 

where 

t H K = bHx x Pi 

and where 7, is that [i e , the stimulus intensity dynam.smj involved in 

the original learning” (brackets mine) pos tulate set a very 

It is clear that these changes alone make the ^ ^ 

different system than the theory o entirely comfortable about 

even one of Hull’s staunchest -f conse- 

them 28 That the "theory” m ust now generate_ ajv , 

his pre-1943 view which equaled. “'^Xblitf “^^^1 had enriched 
The direct “sensitising” or e “^gi“n6 ary mot]vatlon in 1913 seem to have 
(in the opinion of many) his theory I P ™ view s , mI l ar to his P™: 1 ®** 
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quences which markedly differ from those of the earlier theory is obvious 
Perhaps most striking among the altered deductive potentialities of 
the new Hulban framework is the apparent increase in facility with which 
many of the so-called “latent learning ” data can be handled 29 The ac- 
quisition of habit strength (“learning structures”) is still held to be a 
function of the number of reinforced repetitions of an S-R coincidence, but 
the word “reinforced” no longer has reference to amount of need reduc- 
tion or to the delay of need reduction, or even to need reduction It has 
reference to the “rapid diminution in the motivational stimulus f* and 
“diminution” apparently means diminution per se, not amount of diminu- 
tion This, m turn, means that, everything else constant, a habit strength 
increment will be the same habit strength increment, whether the “reward” 
be great or infinitesimal, and independently of when the reward arrives 
within the indeterminate interval designated by “closely associated ” 
This means, in short, that all “latent learning” and other data which 
previously seemed to “strain” the theory because of its commitment to 
the dependence of the size of the increment of habit strength on the 
amount and the delay of need reduction can now be derived with easy 
abandon After all, it is always possible to find a drive whose “stimulus” 
is reduced to some unspecified extent at the termination of any S-R 
sequence, the reinforcement of which is demanded by theoretical exigency 
Most of the above points have already been clearly perceived and 
stated by Seward (110) Seward, however, goes on to an elaborate search 
for some way of reconstituting the concept of "reinforcement” m order 
to square it with Hull’s current theory Now, the semantics of “reinforce- 
ment” has had a curious and involved history But, if Hull was once a 
reinforcement theorist in the sense that his basic acquisition postulate 
demanded a quantitative dependence of learning increments on amount 
of need reduction, he is no longer a reinforcement theorist in that sense 
If he was once a reinforcement theorist in the sense of holding need reduc- 


by the experimental findings However, the evidence with respect to the role of 
come of the^e variables is not as yet clear cut ” Spence's uneasiness is further 
indicated by the fact that he is constrained to provide a “presentation of Hulls 
reformulation of his theory not strictly in accord with the version presented 
by null , but [one which] represents a somewhat simplified treatment that 
the present writer favors’ (129, p 251) 

In an earlier draft of this section prepared before the appearance of Essentials, 
it was suggested that the change m the status of "amount of need reduction” from 
that of a /can«7i0 to a performance variable (1 e , determinant of «//* to deter- 
minant of «r«) was perhaps motivated by an intention to do justice to certain 
refractory instances of “latent learning” data The writer now believes that this 
was not the case Indeed, Essentials contains much evidence to suggest that the 
general re«hu filing of learning and performance variables in the new postulate set 
was not motivated by any empirical data at all Instead, it eeems probable that 
. * and manj other changes in the new theory were forced by Hull’s attempt 

C a n 8 5 nmne q ” ant,Gcatlon of hls major intervening -variables This inter- 
pretation will be argued in a later part of the report 
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tion to be a necessary condition of learning, he is no longer a reinforce- 
ment theorist m precisely that sense He may be, at present, a reinforce- 
ment theorist in the sense of holding Sd diminution to be a necessary 
condition of learning, but notice that this makes the reinforcement 
principle even more tenuous and “nondifferentiating” than it has ever been 
in Hull’s hands Drive stimulus diminution, as an all or none occurrence, 
is a flagrantly untestable event, an event which may be postulated with 
much greater imaginative impunity than the occurrence of a given magni 
tude of drive reduction sufficient to mediate such and such an increment 
m habit strength Considerations of this sort make it highly likely that, 
m practice, Hull’s current principle of reinforcement would generate 
consequences in no way distinguishable from those me la e y an un 
adorned association by contiguity principle The possibility of retri ™> ' 
ing S D diminution as an "emphasizer” or some kind of confirming event 
(cf Tolman chapter) should not go unnoticed 
In some highly attenuated and residual sense of his earlier use of the 
term, Hull may still be characterized as a 

there is reason to doubt that the curren pnncip alternate 

function in concrete derivations in any 
non-reinforcement estimates of the conditions of acquisition 

2 Increased Localism of the Theory Language 

By explicit statemrat of intention (oM> ^7 that he was 
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presenting a comprehensive the ry not been shared by certain 
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specificity that far transcen explicit indication of an 

theoretical aims On the other hand, ^ ^ much of the 
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theory language is charactenz 

reference as before , amb ,guity Does Hull offer his new 

The net result is an es « naTro w-scope” theory, or as a general 

formulation as a “ h ”" te ~ , D0SSlb ility, of course, is that he offers it as 

theory of behavior? The thir P opportunlt} to shift from one mter- 
both of these, thus ' ’ eaV1 S ac P cordonc e with polemical exigenc} 
pretation to the other, l nl n alembic at random some of the 

In the following paragraph ^ ^ lnnguage of the 194 9-1951 theory 
many instances of locahs Pr B was a perfect!) general 

Postulate 6 The failure of this assump 

statement linking n 
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tion to connect D and S D to any independent variable has already been 
noted The primary motivation assumption of the new theory, postulate 
V, corrects certain of the deficiencies of the old postulate, it links D and 
Sd to C D But it does this only for one drive condition — “food privation ” 
The language of this postulate is a curious admixture of specificity and 
generality Part A leads off with the phrase “Primary motivation (D) , 
at least that resulting from food privation, consists of two multiplicative 
components” (75, p 38) Part B defines the “functional relationship of 
drive (D) to one dme condition (food privation),” the relationship 
turning out to be a highly detailed paraphrase of the specific results 
derived in an experiment by Yamaguchi (147) Part C (75, p 39) is 
completely general m formulation, assigning the “old” monotonic in- 
creasing function to the relation between “each drive condition” (not 
D as formerly) and So Part D, finally, achieves an intermediate degree of 
generality (or specificity) with the statement that (p 40) 

At least some drive conditions tend partially to motivate into action habits 
which have been set up on the basis of different dnve conditions (ital mine) 
A marked increase in localism is apparent m the treatment of inde- 
pendent variables in the new postulate set This is particularly striking m 
the case of the w variable which formerly was a determinant of bH r , 
but now contributes to bEr via K In the old theory, w was treated (at 
least part of the time) as “magnitude of need reduction ” In the new 
formulation, w has become simply “the weight of food given as reinforce- 
ment” 17, one of the independent variables constitutive of 1 R) was re- 
ferred to in postulate 8 of the 1943 theory (56, p 300) as “the work 
involved m the execution of the response ” In. the three occurrences of 
this variable in the present postulate set (75, postulate XE, p 81, 
corollary ix, p 84, corollary x, p 85), IF is uniformly identified as “the 
work involved in operating the mampulandum ” The reference is 
prcsumablj to the gadget moved by the rats in the Skinner boxes of the 
two studies on which the current assumptions relating TF to 1 R are based 
On the dependent variable side, a most remarkable increase of localism 
occurs in the redefinition of A In Pr B , this variable was variously 
identified ns “the amplitude (A) of responses mediated by the autonomic 
nervous sjstcm” (p 344), “amplitude, magnitude, or intensity of a 
reaction” (p 403) Now, it is cautiously referred to in the new postulate 
XVI ns “the Tarclmnoff galvanic skin reaction amplitude” (75, p 179) 
As a f inal example 30 of some kind of extreme in the field of theoretical 


. *V l Pi” 1 nnothcr npparentlj glaring example of theoretical localism eeems 

to be the indeterminate restriction imposed on the ba«ic law of reinforcement 
(populate ) b> the antecedent clause 'If reinforcements follow each other at 
earn]) di*tnbutcd intervals” In the pre-Fasentiak draft of this section the writer 
fYiTTT i “ n concc 7 ,on to the phenomena of intermittent reinforcement 
J , aril a conce^ion would have registered an admirable sensitivity to empirical 
finding* but it would have reduced the generalitj of the basic learning assumption 
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“localisms,” we cite Hull's “preliminary suggestion” in Essentials for 
a m i0n ^° r measur * D £ reac ^ on potential (75, 

The wat is the mean standard deviation of the momentary reaction potential 
(bEr) of standard albino rats, 90 days of age, learning a simple manipulative 
act requiring a 10 gram pressure by 24-hour distributed trials under 23 hours’ 
hunger, water available, with reward in the form of a 2 5-gram pellet of the 
usual dry dog food, the mean being taken from all the reinforcement trials 
producing the habit strength from .75 to 85 habs inclusive 

Since, as we shall see/ the wat is the basic quantitative unit on which all 
variable interrelations in the present system are premised, one is almost 
caused to wonder whether the scope of the new theory is to be literally 
restricted to the manipulandum-pushing behavior of the 59 rats whose 
latencies provide the sole empirical basis (13) for the quantification of 
reaction potential. 

These evidences of localism impose some delicate conditions on any 
evaluation of Hull's theoretical efforts If Hull intended the new postulate 
set as some kind of limited theory whose empirical domain is no broader 
than certain aspects of Skinner box behavior, or perhaps certain limited 
aspects of the behavior associated with the learning of instrumental re- 
sponses in the white rat, this could be interpreted as an encouraging 
development. It could mean that Hull perceived the futility of compre- 
hensive theorizing in the present phase of psychology, that ho acknowl- 
edged the limited inductive base, the relational lacunae, the arbitrariness 
of quantification of his own previous attempts at sucli theory. Advocates 
of limited theory would have reason, for satisfaction. But note that, if 
this was Hull’s intention, he has made his own evaluation of Ms past 
theoretical efforts Note also that, if the theory* is currently a limited one, 
there has been no explicit indication of what it is limited to. 

The matter, however, is complicated by the fact that the evidences 
of localism arc present in only part of the theory. Certain postulates and 
sub-parts of postulates arc stated with the same unbndled generality 
as before If the postulate set of 1949 is interpreted as a general theory, 
it must be evaluated by the same yardstick as was the earlier formula- 
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tion The question of most immediate concern then becomes is the 1949 
version of the theory a closer approximation to an adequate S cn ^ a _ 
theory than the 1943 version? This question has, we think, been pa . 
answered by the theoretical mdeterminacies already alluded to in 
above discussions Within the limitations imposed by the paucity o 
elucidative material given with the 1949-1951 postulates, the question 
will be pursued further in the following sections 


B THE NEW TECHNIQUE OF QUANTIFICATION AND 
POSTULATE CONSTRUCTION 

The key to virtually all of the changes in Hull's 19^9-1951 theory, < IS 
against the theory of Pr B , is to be found in his attempt to approximate 
genuine quantification This statement holds both for the major changes 
of emphasis and for the greater part of the many less striking changes o 
detail 

From the period of his earliest theoretical articles, Hull had been look' 
mg towards the mathematization of the principles of his behavior theory 
In Pr B , Hull had attempted to presage this goal by putting forward an 
entirely programmatic set of mathematical “equations” for his maj° r 
postulates, and a group of pseudo-mensurational units for his principal 
intervening variables Although there were admissions of programmatic- 
ity thinly scattered through the pages of Pr B , there is little doubt that 
the net effect of the presentation was to create an impression of quantita- 
tive determmacy far in excess of the actual state of affairs That Hull 
himself had a fully realistic appraisal of what this state of affairs wfls 
is indicated by the fact that, immediately after the publication of Pr B , 
he set himself the explicit task of formulating a “quantificational method- 
ology” for defining his major intervening variable units, and for trans- 
lating his programmatic “equations” into actual ones Already m July 
and December of 1943, Hull issued two memoranda (58) announcing a 
program for achieving quantification By 1945, it was possible for Hull 
to circulate a revision of these statements — Research Memorandum Con - 
corning the Quantitative Empirical Determination of Certain Basic Be- 
havioral Constants and Their Functional Interrelationships (62) 81 This 
lengthy memorandum puts forward the substance of the quantification 
program which eventuated m the five articles, published by Hull and 
others between 1947 and 1950 (13, 15, 04, 141, 145) , that deal with the 


"la the IMS memoranda null had suscested that the basic empirical data fpr 
the qu&nUGcation procedure be denied Irom the Corrless-Peanmcton technigtie 
of conditioning the squeak of the rat b\ shocking its tail Hull tnrltrate* *he 

X.Si>nft” t eS„ u rg 8 — ory 1 to* “emoted ^ 

- £ — - 
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° f rC , aCtl ° n I,0tent,aI and re!ated The quantifica- 

flcded m t th° d ^n d ,n nd ‘ ngS rCP ° rtcd ln thcSe art!c)es are ' ,n turn - re ' 
uccled m the 1949-1951 postulate set 

Exaetly how press.ng a task Hull felt thts matter of quantification to 
revealed in the first article of the quantification series — Reaction 
ency { B tn) as a Function of the Number of Reinforcements (N) He 
says (13, p 214) . 


In the wnting of the volume Principles of behavior , the author found 
t_ * nos ^ expository necessity to have available at least the formal charac 
I s *21 a num her of important mathematical behavioral principles or molar 
, these were accordingly postulated even though elaborated evidence was 
the time largely lacking Moreover, the expository need of giving specific 
examples of the working of the general theoretical approach necessitated the 
assumption of numerous quantitative constants which are essential characteristics 
°i the equations necessarily involved Finally, also for expository reasons, a 
number of behavioral measurement units (the wat, the hab, the mote and the 
pav) were employed, for which satisfactory quantitative definitions and genuine 
values had not been worked out In short, a considerable part of the systematic 
structure in question was programmatic 
That suck a state of affairs should continue longer than circumstances make 
necessary is intolerable Accordingly, early in 1943 definite efforts to perform 
these quantitative determinations were begun , and since that time work 
has continued without interruption (ital mine) 

It is interesting to observe that nowhere m the literature is there a 
clearer or stronger statement of the programmaticity of Pr B , and of 
the purely illustrative character of the quantitative material therein 
contained It is regrettable that a comparably emphatic statement to 
this effect had not appeared m Pr B itself Be this as it may, the quo- 
tation leaves little doubt as to the importance attributed by Hull to the 
quantificational program in his post-Pr B career 

The passage just quoted is almost an exact replica of the initial para- 
graphs of the 1945 research memorandum on the quantificational pro- 
gram (62) alluded to above There, however, after noting the intolera- 
bility of the state of affairs represented by Pr B , Hull adds (p 1) 

Needless to say a considerable number of changes, possibly radical ones, in 
the postulates of the system are expected to result from the carrying out of this 
senes of investigations Such changes must be recognized as normal m the evo- 
lution of a scientific theoretical system, indeed, this is one of the chief dis 
t , notions between scientific theory and metaphysics 

With this anticipation of the theme of the present section m Hull’s own 
ds we will proceed to its documentation We begin wuth a bnef sum- 
W of (1) the objectives and nature of Hull’s quantificational method - 
in ary ° ^ en discuss certain of the (2) relations between the results 
°{°fh’ Quantification and the new postulate set, and we conclude with 
(3) an evaluation oj the quantificational program 
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1. Objectives and Nature of the Quantificational Methodology 

The objectives of Hull’s new quantificational program may best be 
seen in contrast to the quantitative procedures, insofar as they exist, 
which are implicit in Pr.B. A detailed reconstruction of Hull’s typical 
procedure in arriving at “equational” function specifications has been 
presented earlier in this report (pp 70-82). In crudest outline, the situa- 
tion seems to have been as follows: 

Hull recognized the complex problem of inferring relationships be- 
tween intervening and empirical variables (“unobservables” and "ob- 
servables”) as a problem . The desideratum was to express a set of lawful 
quantitative relations which would interconnect systematic independent, 
intervening and dependent variables. But the “realizations” of the inter- 
vening variables provided by any experimental data used to suggest such 
quantitative interrelations (i.e., used for curve-fitting purposes) have the 
status only of crude indicators of the “unknown” intervening variable 
values to which they are presumably related. 32 Should it be assumed 
that the indicators “mirror” the correlative intervening variable “values,” 
there would result as many intervening variable “continua” as there are 
indicator continua, and the intervening variables might then as well be 
abandoned for their generalizing properties would be lost. 

Hull’s tentative solution to this problem incorporated joint elements of 
arbitrariness, inconsistency and programmaticity. One assumption in the 
theory — the growth relation between sHr and N — seems based on rational 33 
considerations. In the case of most of the other assumptions of the theory, 
however, the typical procedure is to select or design an experiment, the 
independent variable of which is presumed to correspond to the antecedent 


"A somewhat analogous problem exists with regard to the relations between 
systematic independent and dependent variables and their “realizations” in terms of 
the experimental independent or dependent variables of a given study A systematic 
independent variable like Cd, for instance, cannot be equated, with the number of 
hours' hunger under such and such a maintenance routine in such and such an 


experiment As any analysis of “operational” or empirical definition which approxi- 
mates adequacy will show, this would involve the identification of an empirical 
construct with only one member of the (possibly very extensive) class of its 
“reductn c symptoms” Indeed such classes of “reductive symptoms” are rarely 
uniquely determined, because the growth of empirical knowledge may make it 
possible to add new reduction sentences (or reduction chains) to the empincal 
definition of a given concept (cf. 85) Yet, as we have seen (p 26, this report), 
Hull has consistently tended to identify his systematic empirical variables with 
"direct observables ” Thus the problem of constructing quantitative relationships 
between intervening and systematic empirical (independent or dependent) variables 
is as much a “problem” on the empirical variable side, as it is on the intervening 
variable side. For Hull, however, this aspect of the problem does not exist 

As wc have already tried to argue (pp 74-78), the presentation in PrB was 
unclear as to whether Hull intended the growth relation of 8 1I n to A - as a "rational” 
or an empirical a sumption Hull seems to want it both ways, but the trend of 
the argument of Chapter VII (56, pp 102-123) seems to demand that the assumption 
be regarded as rational,’ however mixed Hull’s actual intention 
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theoretical variable under consideration, and the dependent variable of 
which corresponds to the consequent theoretical variable To the experi- 
mental data is fitted an equation, and the form of the resulting equation 
is then directly transferred to the relationship between the theoretical vari- 
ables under consideration In these cases no question is raised about the 
legitimacy of identifying a relationship betw een indicators with a relation- 
ship between theoretical (eg, intervening-intervening or independent- 
intervening) \ enables Nevertheless, programmatic measuring units (the 
hab, mote, wat, and pav), ordered to a nonexistent “centigrade scale," 
are assigned to the chief intervening variables in order to exhibit the virtues 
which would obtain, if these units could be linked with quantitative con- 
sistency to the indeterminate collection of indicators with which each is 
related To round out the picture, it should be added that in the “quanti- 
fication" of the relations between the terminal intervening variables of 
Pr B ( s En and sEr) and the four dependent vanable “measures" (p, n, 
,t„ and .4), the procedure is to fit equations to “typical" curves of each of 
these measures as a function of N, and (1) assuming that ,E r , other things 
constant, must be a grow th function of N, and (2) finding an explicit growth 
expression in each equation, it becomes possible to utilize “the method of 
residues to determine the functional relationship of sEr to the par- 
ticular behavior phenomena employed” (p 395) 

As the 1945 memorandum on quantification makes clear, the over-all 
objectives of Hull’s new quantificational procedures are to remedy all 
of the deficiencies of the earlier methodology implicit in the above 
account In Hull's estimation the pivot on which the whole operation 
could be made to turn was the quantification of B E R , because this is the 
construct which, of all intervening variables in the theory, is most im- 
mediately related to performance indicators Once g E R is scaled, Hull 
reasoned (62), it should become feasible to derive other intervening 
variable measures (habs, motes, pavs) by a combined rational and em- 
pirical maneuver Since, for instance, it is rationally assumed that 


and that 


gE R — sH R X D, 
8 H r = f(N), 


the availability of a set of “genuine" scale values for B E R as a function 
of N, might yield an equation containing two multiplicative components 
which could be identified as corresponding to S H R and D The Jaw of 
sUn as a function of N would then take the same form as the original 
equation with the D term omitted, and 8 H R could thus be indirectly 
scaled in terms of b Er Similarly, D might now be indirectly scaled via 
an elaborate experimental program which would determine B E R values 
as a function of a relevant independent vanable condition of D (C D ) 
H B remaining constant From the fitted equation, one could presumably 
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derive the law representing D as a function of C D 34 The immediate ob- 
jective of the program thus becomes the quantification of B E R 
Hull devotes relatively little attention to the formal properties of the 
type of mensurational scale he is trying to achieve It is evident, however, 
that he is after something with the properties of at least an interval , and 
preferably a ratio , scale In the second article of the quantification 
sequence (64), Hull is entirely clear about the desiderata at which a 
satisfactory quantification of sEr would aim He recognizes that the 
“objective manifestations” of s E Pt “take many different forms” 
Furthermore (64, pp 237-238) 

These manifestations, while measurable, are usually measured in different units 
and Taiely ot never, even when measured in the same units, yield results which 
are comparable Moreover, m some cases, e g , muscular contraction, several 
different aspects of the response, such as latency, amplitude and force, can be 
employed as indicators of what at bottom is presumably the same thing 

After presenting a “tabular summary” of twelve indicators of B E R , Hull 
specifies the following requirement (64, pp 238-239) 

all quantifications of reaction potential, however empirically manifested, 
should be expressible on the same scale and m terms of the same unit 

At the end of this article, there is a detailed statement of “criteria of 
quantificational validity” which serves further to define the requirements 
of the mensurational program 


“We have referred to the scaling of other intervening variable “measures” in 
terms of the scaling of bEr as a combined rational and empirical maneuver We 
think that Hull would have had to agree with this description but it must be 
remembered that the content of many of the assumptions that function as rational 
components of the present procedure (e g , the assumption that bEr is a multiplica- 
tne function of D and had been represented m PrJi as based on empirically 
determined relationships In Essentials, Hull still speaks as if many such assumptions 
are based on empirical evidence To the extent that Hull took this position it 
should be noted that he was still tacitly assuming that equations fitted to “ indicator’ 
tallies yielded relationships having the same form as equations fitted to genuine 
measures Such an assumption would seem to make the elaborate quantificational 
procedure m large part unnecessary, except perhaps for the determination of 
empirical constants 

The simplest way out of this dilemma is to admit that formal construct inter- 
relations of the sort under discussion are pure “rational” guesses The validity of 
such guesses could then only be determined by the fruits of the quantificational 
procedure— c g , the extent to which quantitatirc derivations were checked by fur- 
ther experimental e\ idence As shall be shown later, such a determination of validity 
had not been made in a 'ingle case In Essentials, Hull apparently assumes that 
such rational gue^es find empirical \alidation if analysts of the equations fitted 
to quantified data di«clo'cs expressions within the equations which exhibit the 
rclatl0n * robonallj a*sumed But there are many ewdenccs which suggest 
that the cur\o-fitimg procedures were often extremely loose Hull m one place even 
admitting that a growth expre^ion was chosen despite the fact that a different 
junction gar c a belter fit In other words, it ts probable that the “rational ’ construct 
interrelations were projected into the equations which presumably \enfy them 
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As Bergma tin and Spence remark , "The actual excellence of physical 
measurement is entirely a matter of fact ” These excellences have been found 
in the facts of quantitative consistency of the results of measurement with re- 
lated phenomena and the great extent to which they have facilitated the simph 
fied systematic organization of the field in which the quantifications have been 
employed Similarly, the present and all other proposed methods of behavioral 
Quantification must depend for their validation, at least m part , upon the quanti 
tative consistencies and systematizations to wkich they give rise (64, p 252, ital 
mine) 

Hull then goes on to present two "specific examples of such possi- 
bilities in the present field " The first is that "a closely related 
[quantificational] method based on reaction thresholds m the case of 
conditioned winking of the type reported by Reynolds" (107) should 
yield a curve of learning having the same form as the rat latency curve 
emerging from the initial quantificational study In Hull’s own words, 
the second example is as follows 

It is probable that some forms of learning can be found which yield two or 
more objective indications of the very same habit strength acquisition, 
each one of which could be used independently It would seem that such 
curves of learning even though secured from quite different data should agree 
as to the type of best fitting equation and also within the limits of the data 
sampled, as to the various constants Such a determination may very well prove 
to be a critical test of the methodology (64, p 252) 

How does Hull actually proceed to the quantification of bEr 9 Faced 
with the most critical methodological problem at the frontier of current 
behavior theory — the boot-strap lifting operation of climbing from indi- 
cators to measures — Hull turns to the resources of classical psycho- 
physics He comes up with an ad hoc adaptation of the method of paired 
comparisons, as rationalized by Thurstone (133, 134, 135) On the as- 
sumption that an indicator like latency has "an inverse raonotonic 
functional relationship" to reaction potential, Hull proposes to apply the 
paired comparisons technique to latency data secured from a group of 
rats during the learning of a simple instrumental response tendency In 
this way, a senes of quantified bEr values for the various trials of train- 
ing would be derived, and the "law” of S E R as a function of N would 
become available 

A basic “calibration” experiment (13) was therefore designed having 
the following characteristics Fifty-nine rats were trained in a modified 
Skmner-Ellson box to move a small brass tube 1/16 of an inch to the 
left, in order to secure a pellet of food The behavior compartment was 
equipped with a “shutter” (door) which separated the rat from the panel 
containing the mampulandum, and which was always closed when the 
animal was inserted Latencies were defined as the time between the 
raising of this door and the animals' response to the mampulandum 
Appropriate operation of the mampulandum always caused an automatic 
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retraction (disappearance) of the manipulandum, and was always re- 
inforced by the immediate appearance of a standard pellet of food Ani- 
mals were trained, on a one trial per day basis, and under twenty-two 
hours of hunger, until they attained a stable latency asymptote The 
extreme distribution of trials was used m order to minimize contamina- 
tion of the latencies as a measure of reaction potential, due to inhibitory 
and other effects This single experiment, as we shall later see, provides 
the principal basis for the quantification of s^r, a,nd the far reaching 
changes m the entire Hullian theory thereby mediated 
Hull’s assessment of the differences between his application of the 
paired comparisons technique to these data, and its conventional applica- 
tion to judgmental data m psychophysics is instructive They are (64, 
pp 241-242) as follows 

1) In psychophysics, judgments are based on “a comparison of stimu- 
lations which are systematically varied,” habit strength being constant 
In Hull’s application the stimulation is constant, “while the relevant 
habit strength which mediates the reaction is the critical difference " 35 

2) In psychophysics, “the two things compared are ordinarily” simul- 
taneous “or m close succession,” whereas in this situation the “states 
under comparison cannot possibly exist simultaneously ” Rather, per- 
manent records of the latencies are taken, and the judgments of relative 
magnitude are later made by an investigator 

3) Only “one significant comparison can ever be secured from any two 
habit strengths of a given organism ” This differs from the ordinary psy- 
chophysical situation where the same comparison-pair of stimuli may 
recur on many occasions Thus to get “adequate numbers of comparisons 
of what corresponds to the same habit strength, many different organisms 
are placed in a comparable learning sequence so that all acquire corre- 
sponding habits, it being assumed that the increments of habit strength 
at the successi\e reinforcements are in some sense comparable, though 
hardly equal because of individual differences in learning capacity For 
this reason the latencies of a given organism are here only compared 
with each other, never with those of other organisms” 

With thc«c differences in the conditions of application, Thurstone’s 
Case III form of the immensely laborious paired comparisons method- 
ology’ (133, 134, 135) is applied to the latency data of the calibration 
experiment for a “judicious sampling of twenty-five trials distributed 

^* or some reason, Hull entitled the article on which this discussion is based, 
A Proposed Qunnti/icaCton o} Habit Strength (64), and the presentation towards 
the beginning of the article, is couched m terms of “habit strength” rather than 
reaction potential' The rationale gi\en for this is the familiar assumption fPn = 
# * X D, plus the fact that the D term in. the quantification is constant Neacrthc- 
r®’* 18 c,car , * w bat is being directly quantified is reaction potential and m 
the later part of the article Hull lapses into consistent reference to reaction po- 
tential rather than habit strength 
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°' cr thc cntlrc rongc of sixty” (64, p 243) available tnals This pro- 
cedure presumably yields scale values which are based on reaction po 
tential differences "between the central tendency of the many (reaction 
potentials] of the group of organisms as a whole at two different numbers 
of reinforcements, in terms of thc standard deviation of the pooled re- 
action potential variabilities of the same group of organisms as a whole ” 
The paired comparisons method (and similar techniques of psycho- 
physical or "psychological” scaling) is, of course, based on the character- 
istics of the normal curve Empirically, thc technique involves the 
comparison of each of thc "stimuli” to be «cnled with every other, with 
respect to thc relative magnitude of a specified property It is assumed, 
in the language of Thumtone, thnt on each occurrence, a given stimulus 
gives rise to a “discnminal process” within a psychological continuum, 
that chance factors will result in a variation in the magnitude of the 
discnminal process produced by thc same stimulus on different occasions, 
and that such a distnbution of discnminal processes (the “discnminal 
dispersion”) is normal This being assumed, it can also be assumed that 
the differences between the discnminal processes of two discnminal dis 
persions associated with two different stimuli {R t — R a ) will also form 
a normnl distribution Thc mean of such a difference distribution would 
gn e the scale separation (S t — S„) between the two stimuli in question 
Thc scale separation can therefore be expressed in terms of the deviate 
on the abscissa of the distribution of differences (A” s ») The unit of this 
distnbution is, of course, its standard deviation Thus the scale sepa- 
ration Si — S, is A'taMitf The basic empirical datum from which this 
value is computed is the proportion of cases in which stimulus R b has 
the relation ">"to stimulus /?„ (p t >„) Such data may be transformed 
into scale difference values by virtue of Thurstone’s 1 law of comparative 
judgment” (134) 30 

The equation for the law of comparative judgment cannot be solved 
directly, because it assumes among other things that the standard de 
viations of the discnminal dispersions of R t and R„ are known Thur- 
stone thus distinguishes five cases which when given sets of assumptions 
are made, it is possible to derive an estimated solution (18, pp 220 221) 


18 The equation for this law in Guilford s notation (18 pp 219-220) is 
S„- S. - Xu VV + c.' - 2w„ 

where Si and X. = the scale values for two stimuli Ri and B. respectively 

Xu = the deviate corresponding to the proportion of judgments Si > K* 
<n and v 0 = the standard deviation of the dispersions made by If. and on 
the psychological continuum 

r = the correlation between the discnminal deviations of ni. and Ao 
duriog the same judgments 

The above account of the paired comparisons method is denved from Guilford s (IS, 
pp 21 7 243) presentation 
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Hull chooses Case III as the most suitable form of the method for his 

purposes 

This 'precis of the Thurstone rationalization should serve to indicate 
how tenuous and assumption-laden the method is even within the field of 
its original and appropriate application (psychophysics and “psychological” 
scaling) It also helps to define certain of the gratuitous assumptions that 
Hull was forced to make m his unique application of this method Among 
the major of these, is the necessary assumption that “ the spontaneous 
variability in the momentary reaction potential ( sEr ) approximates the normal 
form of distribution , sEr remaining constant ” (64, ,jp 240, ital mine) 
This, of course, also means that the distributions of sEr differences must 
also be normal in form In A Proposed Quantification of Habit Strength, 
Hull was especially sensitized to these points, even going so far as to say 
(64, p 242) 

As Thurstone has pointed out, this pooling of the variability of numerous some 
what different organisms introduces an additional uncertainty regarding the 
normality of the distribution of differences the a of which is here used as the 
preliminary measuring unit of the quantification of reaction potential Sooner 
or later, of course, the characteristics of this pooling of many variability distnbu 
tions must be objectively determined if possible (ital mine) 

2. Relations Bctiocen the Results of the Quantification and the 
New Postulate Set 

The application of the methods just described to the data of his single 
defining experiment put Hull m possession of twenty-five “quantified” 
reaction potential values, corresponding to the “judicious sampling” of 
twenty-five of the training trials of the fifty-nine animal experimental 
group This thin mensurational bridgehead being gained, Hull tried to 
proceed to the conversion of his entire pseudo-quantitative system into 
“genuine” quantitative form The general strategy for such an operation, 
as laid down in the 1945 memorandum on quantification, has already been 
summarized in our discussion of “objectives ” The results of this general 
strategy as well as the tactics of its application are revealed in the 1949- 
1951 postulate sets These reflect the “considerable number of changes, 
possibly radical ones,” which Hull had anticipated in the memorandum 
of 1945 

The tactics employed m building up the basic assumptions of the new 
theory, as exhibited in Essentials, are clearly in line with the general 
strategy formulated in the 1945 memorandum This memorandum, how- 
ever, had called for an ambitious scries of experiments, which in the case 
of each major assumption w ould provide scaled data, based ultimately on 
the 8 E b scaling technique, for purposes of defining the particular con- 
stnict interrelations under scrutiny Until the formulation of the 1949- 
1951 postulate seta, onlj the g E„ calibration experiment, and two ad- 



CLARK L. HULL H9 

ditional "scaled” studies (141, 146), both quite inadequate /or their 
purposes, had been completed Thus, the methods employed in the con- 
struction of the 1949-1951 postulates reveal the 1945 strategy only as 
watered down by many makeshifts and compromises of the most gratm- 
tous sort 

The critical difference in the technique of postulate construction from 
the procedure of Pr B ts the now consistent convention of regarding all 
empirical curves and equations as B E R (t e , performance ) functions 
This practice is apparently forced by two interrelated considerations (1) 
Hull’s desire to rectify the faulty logic of directly transferring the ob- 
tained relations among empirical indicator variables to quantitative 
theoretical variables, (2) the fact that the only " scaled " values available 
are those for rEr 

The clearest indication of how these procedural assumptions are now 
translated into practice may be found in the construction of the theoreti- 
cal relationships which, in the new theory, generate B E R The steps are 
essentially these 

1) The calibration experiment already described gives Hull the op- 
portunity to fit an equation to the twenty-five “scaled” reaction poten- 
tials as a function of the number of reinforcements (N) It is (75, equation 
4, p 31) 

B Eh = 3 55 (1- 10- 0305iV) 37 

This is the basic equation of the entire new theory 

2) Possession of this equation presumably makes it possible to derive 
the law of b Hr as a function of N — not the old, "programmatic” b Hr, but 
b H r as scaled in terms of the quantified b Er Such a maneuver is accom- 
plished quite directly by adhering, as formerly, to the rational assump- 
tion that a H x is a positive growth function of N On the basis of this, 
the parenthesized exponential expression in equation 4 is identified as 
corresponding to while the coefficient "3 55” is held to represent the 
D conditions prevalent in the calibration experiment, in much the same 
way as the earlier analysis (56, pp 254-255) of the Penn-Wilhams indi- 
cator equations was made 

3) Hull now suggests that the law of D as a function of relevant inde- 
pendent variables (C R ), such as hunger, could be determined by an 
elaborate experiment designed to yield a family of scaled B E R curves as a 

« la tfie new theory, $ stands for the ‘number of reinforcements from [thel 
beginning of learning le from [the! absolute zero (Z)’ of reaction potential 
(75 p 129) It is distinguished from N, the 'number of superthreshold reinforce- 
ments ’ and N, ‘ number of reinforcements m general Equation 4 is a transforma- 
tion of a prior equation which was fitted to *E* as a function of N The case for 
was derived on the assumption that Z lies two reinforcements below the threshold 
This latter assumption is purportedly justified by the empirical resufts of the 
calibration experiment which indicate that a median of two reinforcements were 
required before the initial conditioned reaction evocation (cf 15, pp 512-515) 
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function of N, the C D being systematically varied This would be expected 
to provide a sufficient number of coefficients analogous to the “3 55” in 
equation IV to permit fitting equations to the coefficients The results 
v ould give the law of T) as a function of Cd m terms of parameters based 
ultimately on and would be, ipso facto, susceptible to “genuine’' 
scaling In this connection, Hull cites the Yamaguchi (147) experiment 
which was designed with some such purpose in view This is one of the 
three studies in the entire theory which employs the B E R scaling technique, 
and it is used as the mam empirical basis for the present postulate V on 
; primary motivation 

4) A precisely analogous method to that described in items 1 to S 
above , is now used for the isolation of the three additional “ constituents” 
of B jj n — v ( stimulus intensity dynamism) , K ( incentive motivation ) , and 
J ( delay of reinforcement) In each case, Hull begins with a family of 
equations, presumably for B E R as a function of N, each equation of the 
“family" corresponding to a different setting of the independent variable 
(eg, weight of food) associated with the intervening variable (eg , K) 
whose law is under scrutiny In each case, the discovery is made that 
(a) the right hand member of each equation of a family contains a 
growth expression multiplied by a coefficient, (b) the coefficients for a 
given family \ary in an orderly way, and (c) the growth constants pre- 
sumably show no significant change The growth expressions, of course, 
are uniformly held to represent b Hr In accordance with the principle that 
“the parts of the equations which are nearly alike are so because 
the empirical conditions are alike, and the parts which 
are different are so because of the empirical conditions which are differ- 
ent" (75, p 35) , Hull assumes, in each case, that the variation of coeffi- 
cients reflects the effect of the independent variable m question, and the 
law for the relation of this empirical variable to its appropriate interven- 
ing \ ariable can now be derived by fitting an equation to the coefficients 
At this point, it is important to recall that the most startling set of 
changes m the new theory is the “attenuation” of the reinforcement 
principle, and the shifting of the “magnitude of need reduction” ( w ) and 
“dela> of reinforcement” (£) variables from the determination of s Hr 
to B Ejt Hull’s claimed rationale for this is that the habit strength expres- 
sions which appear in the families of learning curves which are fitted to 
as a function of N data, for different settings of w and t, show no 
change in the \alues of their constants, whereas the coefficients in these 
equations show a systematic sanation Forgetting, for the present, the 
slim range and tenuous nature of the experimental data used, and the 
fact that the ■values in these cases arc uniformly makeshift indicator 
\nlucs and not of the seated %anct>, this claim is simply not justified 
For instance, in the consideration of the delay in reinforcement "variable, 
Penns latency data (Iff!) are u*=cd Four separate equations are fitted 
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to estimated values of s Ex as a function of N for different delay groups 
In these equations, both the coefficients and the exponential constants 
vary over a wide range Indeed, Hull points out that (75, p 54 ) 

the steepness of the rise of the learning curves as shown by the magnitude 
of the exponential constants obviously is not constant Instead it appears 
to be a consistently decreasmg function of the amount of delay in reinforcement 
This suggests that the exponent may ultimately also be expressed as a function 
of the delay in reinforcement If this tendency is verified it will evidently com- 
plicate the interpretation now to be made 


The “interpretation to be made” is, of course, that a curve fitted to 
the four coefficients (asymptotes of the g E R learning curves) yields the 
law relating t to b Er, as mediated by J, and the fact that the "evidence" 
indicates a dependence of B H R on J, quite as much as a dependence of S E R 
on the same variable, is promptly forgotten 38 
It is not likely, in the light of the foregoing, that the claimed rationale 
for the transfer of the former habit variables to B E R is the true rationale 
Indeed, it is unlikely that any new evidence , or novel considerations with 
respect to deductive fertility, were responsible for these far-reaching 
changes Rather, the changes seem forced by blindly following the direc- 
tives of the new quantificational program The only directly "quantified ’ 
element available was equation 4 for B E R as a function of N If other 
major intervening variables must be (even programmatically) derived 
from this thm "quantitative" wedge, the obvious and immediate thing 
to do is lift out a H R in accordance with the formal relations assumed in 
the old theory ( B E R = D X B H R , and 8 H R is a positive growth function of 
N) This being accomplished, how determine the relations between a H R 
and other determining variables of the sort formerly assumed to be rele- 
vant? Only, of course, by fitting equations to empirical curves in which 
some performance indicator is assumed to represent S H B as a function of 
the relevant variable But the new quantificational method entails the 
convention that all performance indicators (or preferably measures) 
must be uniformly interpreted as B E R I n accordance with this, the sim- 
plest and happiest possibility is that all other variables which formerly 
were believed to determine B H R (or which, on rational grounds, might be 
believed to determine b Hr) directly determine B E R Thus, the way is open 
to the senes of equational analyses of B E R functions which, as we have 
seen, is the characteristic tactic of Essentials 

Once this tactical approach is adopted, many, if not most, of the other 
innovations m the 1949-1951 postulate sets directly or indirectly follow 
Every postulate of the new theoiy contains departures from the 1943 
formulations, major or minor The changes may m\olve the identification 


“This circumstance is not entireb forgotten though, because in a note at the 
end of the -volume (75, p 121) Hull refers to it as ‘a special reason for the un- 
certainty in regard to J’ He refers to other sources of uncertainty as well 
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function of the C D being systematically varied This would be expected 
to provide a sufficient number of coefficients analogous to the “3 55” m 
equation IV to permit fitting equations to the coefficients The results 
would give the law of D as a function of C D m terms of parameters based 
ultimately on B E R , and would be, ipso facto, susceptible to “genuine 
scaling In this connection, Hull cites the Yamaguchi (147) experiment 
which was designed with some such purpose m view This is one of the 
three studies in the entire theory which employs the b E r scaling technique, 
and it is used as the mam empirical basis for the present postulate V on 
primary motivation 

4) A precisely analogous method to that descnhed in items 1 to S 
above, is now used for the isolation of the three additional “ constituents’’ 
of bEr — V (stimulus intensity dynamism), K (incentive motivation), and 
J (delay of reinforcement) In each case, Hull begins with a family of 
equations, presumably for b E r as a function of N, each equation of the 
“family” corresponding to a different setting of the independent variable 
(e g , weight of food) associated with the intervening variable (eg , K) 
whose law is under scrutiny In each case, the discovery is made that 
(a) the right hand member of each equation of a family contains a 
growth expression multiplied by a coefficient, ( b ) the coefficients for a 
given family vary in an orderly way, and (c) the growth constants pre- 
sumably show no significant change The growth expressions, of course, 
are uniformly held to represent B H R In accordance with the principle that 
“the parts of the equations which are nearly alike are so because 
the empirical conditions are alike, and the parts which 
are different are so because of the empirical conditions which are differ- 
ent” (75, p 35) , Hull assumes, in each case, that the variation of coeffi- 
cients reflects the effect of the independent variable in question, and the 
law for the relation of this empirical variable to its appropriate interven- 
ing variable can now be derived by fitting an equation to the coefficients 
At this point, it is important to recall that the most startling set of 
changes m the new theory is the “attenuation” of the reinforcement 
principle, and the shifting of the “magnitude of need reduction” (tv) and 
“delay of reinforcement” (£) variables from the determination of b Hr 
to bEr Hull’s claimed rationale for this is that the habit strength expres- 
sions which appear in the families of learning curves which are fitted to 
eE r as a function of N data, for different settings of w and t, show no 
change in the "values of their constants, whereas the coefficients in these 
equations show a systematic \anation Forgetting, for the present, the 
slim range and tenuous nature of the experimental data used, and the 
fact that the bE r values in these ca«cs are uniformly makeshift indicator 
%nlucs and not of the scaled variety, this claim is simply not justified 
For instance, in the consideration of the delay m reinforcement \ finable, 
Penn a latency dnta (104) are u«ed Four separate equations arc fitted 
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to estimated values of a E R as a function of N for different delay groups 
In these equations, both the coefficients and the exponential constants 
vary over a wide range Indeed, Hull points out that (75, p 54) 

the steepness of the nse of the learning curves as shown by the magnitude 
of the exponential constants obviously is not constant Instead it appears 
to be a consistently decreasing function of the amount of delay m reinforcement 
This suggests that the exponent may ultimately also be expressed as a function 
of the delay in reinforcement If this tendency is verified it will evidently com- 
plicate the interpretation now to be made 


The “interpretation to be made” is, of course, that a curve fitted to 
the four coefficients (asymptotes of the B E R learning curves) yields the 
law relating t to gE R , as mediated by J, and the fact that the “ evidence ” 
indicates a dependence of B H R on J, quite as much as a dependence of B E R 
on the same variable, is promptly forgotten 38 
It is not likely, m the light of the foregoing, that the claimed rationale 
for the transfer of the former habit variables to B E R is the true rationale 
Indeed , it is unlikely that any new evidence, or novel considerations with 
respect to deductive fertility, were responsible for these far-reaching 
changes Rather, the changes seem forced by blindly following the direc- 
tives of the new quantificational program The only directly “quantified” 
element available was equation 4 for 3 Er as a function of N If other 
major intervening variables must be (even programmatically) derived 
from this thin “quantitative" wedge, the obvious and immediate thing 
to do is lift out b H r in accordance with the formal relations assumed m 
the old theory ( B E R = D X 8 H B , and B H R is a positive growth function of 
N) This being accomplished, how determine the relations between B H R 
and other determining variables of the sort formerly assumed to be rele- 
vant? Only, of course, by fitting equations to empirical curves in which 
some performance indicator is assumed to represent b Hr ns a function of 
the relevant variable But the new quantificational method entails the 
convention that all performance indicators (or preferably measures) 
must be uniformly interpreted as B E R In accordance with this, the sim- 
plest and happiest possibility is that all other variables which formcrl} 
were believed to determine b Hr ( or which, on rational grounds, might be 
believed to determine B H R ) directly determine B E R Thus, the way is open 
to the series of equational analyses of B E R functions which, as we hate 
seen, is the characteristic tactic of Essentials 

Once this tactical approach is adopted, many, if not most, of the other 
innovations in the 1949-1951 postulate sets directly or indirectly follow 
Every postulate of the new theory contains departures from the 1943 
formulations, major or minor The changes may involve the identification 


“This circumstance is not entirely forgotten, though, became In a note at the 
end of the volume (75 p 121) Hull refers to it as ‘a special reason for the un- 
certainty m regard to J" He refers to other sources of uncertainty as well 
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of variables, construct interrelations, mathematical function forms, or 
any combination of these At this point, we supplement the preceding 
account of the redistribution of s H n and „E P variables with some addi- 
tional conspicuous examples of how the new procedures ramify upon the 
content of the 1949-1951 postulates In a later section, we will itemize 
a sample of further changes m order to suggest the scope of the recent 
modifications 

In the succeeding paragraphs, we exhibit the connection between the 
new procedures and the current treatment of (a) stimulus intensity 
dynamism (V), (b) behavioral oscillation , and (c) the postulates (XV 
to XVII) which relate s Er to the dependent variable indicators of the 
theory 

a Stimulus intensity dynamism (V). In 1943, Hull indicated that 
“other important factors” probably “enter into the determination of habit 
strength" (56, p 181) , m addition to those explicitly incorporated m the 
reinforcement postulate (postulate 4) One such factor explicitly pointed 
to was stimulus intensity In the 1949-1951 sets, an intervening variable 
representing the dynamic effects of stimulus intensity on behavior 
appears for the first time as a formal part of the theory In accordance 
with the methods already discussed, this variable is built up from an b Er 
equation fitted to a set of highly indirect calculations based on some 
ancient psychophysical data of Cattell’s (7) This presumably makes 
possible the formulation of a logarithmic relation between S and the 
stimulus intensity component (V) of reaction potential, and thus we are 
provided with another determinant of 8 Er (not S H R as conceived in 1943) 
Towards the end of the brief discussion of V in Essentials, we are 
suddenly informed (p 45) 

At this stage of our exposition we must point out that stimulus intensity 
dynamic has an important influence on habit formation of a multiplicative 
nature This is expressed in the following equation 

— b^r X V lt 

where Vi represents the stimulus intensity involved in the original learning 
This V x of original learning is apparently to be distinguished from the V 
of action evocation which directly enters 8 E r and which later is desig- 
nated as V 2 "What is especially curious here is that V\ represents a 
second fnctor which apparently determines 8 H n (in addition to N) but 
this fact is not registered in “the law of habit formation" (postulate IV) 
or an> related law At fird blush, this seems like an oversight A little 
speculation will «how, however, that this assumption cannot possxblj find 
a place within the postulate set as a direct determinant of 8 U R on the 
ba«is of the present technique of postulate construction The cquntionnl 
anal>«us of curves can onl> reveal V s , not V, V x could be rational^ 
assumed (os it has been), and possiblj verified in terras of its indirect 
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consequences, but it could not be represented as a direct determinant of 
sH r within the law of habit formation, where it seems to belong, without 
becoming a glaring example of departure from the “quantitative” method- 
ology It therefore becomes a glaring example of a construct which is at 
once m the theory and out of it 33 

b Behavioral oscillation In 1943, HuJI had assumed that (56, p 319) 

Associated with every reaction potential ( 8 E R ) there exists an inhibitory 
potentiality (gO*) which oscillates m amount from instant to instant according 
to the normal “law” of chance, and whose range, maximum, and minimum, are 
constant 


It will be recalled that the recognition of this variable involves the intro- 
duction of the construct “momentary effective reaction potential” (sEr), 
which is defined m terms of the difference between effective reaction poten- 
tial (s£r) and the “oscillatory force ” In the 1949-1951 postulate sets, the 
variable s O R assumes a special significance for the obvious reason that the 
new quantificationa! program is based on the scaling of s Er and the unit 
of quantification is the dispersion of the momentary effective reaction 
potential ( s E r ) This, by definition, makes thermit of s Er tantamount 
to the dispersion of s Or (i e , the dispersion of sEr and sOr are identical) 
Recall, further, that the normality of the distribution of sEr and s Er 
differences is a basic presupposition of Hull’s paired comparisons scaling 
technique 

It was naturally very important for Hull to explore the legitimacy of 
this latter assumption The “calibration” experiment for s Er previously 
described presumably gives some slim basis for the evaluation of the nor- 
mality assumption Accordingly, Hull et al (145) plotted a frequency dis- 
tribution for five thousand “corrected” sEr scale value differences derived 
from the latencies of this experiment In order to get a large sample of 
values from a given stage of training, latencies at the performance asymp- 
tote, of which twenty were available for each of the fifty nine animals, 
were used The individual latencies were converted into “scaled” sEr 
values via a modified form (145, equation 5, p 218 ) of an equation for 
sEr as a function of latency (145, equation 1, p 217) which had been fitted 
to the original scaled values of the quantification study 

The resulting distribution turned out to be leptokurtic rather than 
normal, Pearson’s p 2 giving a value of 3 9873 This rather unhappy find- 
ing set Hull off on an elaborate search for a method of correcting B E R 


as ft multiplier of B ff* to form e &* is originally introduced as a brute 
assumption (without any explication) in connection with the discussion of stimulus 
dynamism (75 p 45) It ultimately gets into the formal postulate set only by the 
back door, tna postulate IX which reads (75 p 59) 

",E. -DxV.xKxJx it},. 


where ,, 

and where V» is that involved in the original learning 
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values, scaled on the assumption of normality, for the fact of leptokurto- 
sis We will have occasion to refer to this enterprise later (pp 129-131 , 
but it is not relevant to the immediate purpose What is immediately rele- 
vant is that this particular consequence of the new quantificational method 
must, to the extent that it is taken seriously, now force a revision in the 
s O E assumption of 1943 In consequence, the sO* postulate (XIII) of the 
1949-1951 theory begins as follows (75, p 97) . 

A Reaction potential ( S E„) oscillates from moment to moment, the distribu- 
tion of s O B deviating slightly from the Gaussian probability form m being 
leptokurtic with 0 2 about 4 0 

In Pr B , the “range, maximum, and minimum” of sOr had been assumed 
to be constant The possession of the equation, referred to above, for scaled 
sEr as a function of latency, now makes it possible to derive the standard 
deviations of sEr differences between successive trials of traimng, over the 
range of the sixty training trials of the quantification experiment A plot of 
these values (145, p 233, 75, p 98) shows a marked and apparently un- 
systematic variability of the sigmas over the various trials of training In 
this way, another major change is introduced into the theory as a direct 
consequence of the new quantificational method The change is recorded 
in part B of postulate XIII (75, p 99) — which represents a rather loose 
paraphrase of the phenomenal properties of the graph for the sEr differ- 
ence sigmas as a function of the training trials It reads 
The oscillation of B E„ begins with a dispersion of approximately zero at the 
absolute zero (Z) of 8 H R) this at first rising as a positive growth function of 
the number of superthreshold reinforcements (2V) to an unsteady maximum 
after which it remains relatively constant though with increasing variability 40 

*° Although an attempt has been made m the presentation of the new quantifica- 
tional methods to reserve evaluative comments for a subsequent section, it is 
difficult to abide by that rule at this place Two opposed aspects of postulate 
\11I D should be noted (1) The extreme literalness with which general signifi- 
cance is imputed to highly indirect, assumption-laden calculations based on part 
of the data from one learning experiment, and (2) the extreme imaginativeness 
shown in rendering the general trends and quantitative implications of these already 
questionable data Why, for instance, should the oscillation of 8 Eb begin “with 
a dispersion of approximately zero at the absolute zero ( Z ) of bIIrV Hull cites 
as lm onlj ground for this the fact that “the first seven superthreshold trials 
show a \erj rapid ri*c in dispersion If a curve should be drawn through these 
values and projected backward it is evident that it would cut the base-line at 
around two trials less than the conventional zero Now it happens that this is the 
number of the trials marking the true zero” (75, p 99) Again, what is the evidence 
for the di*pereon of $F , “at first rising as a positive growth function of the number 
of reinforcements? ’ It is apparently the fact that the first seven of the sixty 
plotted trials thoxr bo me kind of increase in the dispersion measure There is 
no indication even that an equation was fitted to the a c values, if the fitting of a 
growth function constitutes evidence Indeed, in 19 IS (145, p 233), Hull had 
(!c‘cril > ed the same values as merclj conforming 'to a simple increasing function 
Cl A n>e«e joint characteristics of almo«t fantastic over-generalization from a 
hru‘ed induction ba*>s and a loo'c rendering of the empirical findings within the 
content ol the generalization arc present in almost every component of the 1919- 
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c. The dependent variable postulates. The impact of the new quantifi- 
cation al program on the content of the theory is nowhere shown more 
strikingly than in the case of the assumptions which tie the theory to 
empirical states of affairs on the dependent variable side These are the 
postulates (XV through XVII) which relate B E R to the systematic de- 
pendent variables of the new theory 
In 1943, postulates 12 through 15 (56, p 344) tied 8 E R and S E B to four 
reaction indicators — probability of response evocation ( p ), latency ( 8 t B ), 
number of extinction reactions (n), and amplitude of responses mediated 
by the autonomic nervous system (A) The function forms imputed to 
these relationships were derived by a procedure (already described) of 
assuming that sHr is a growth function of N, and then analyzing charac- 
teristic learning curves, for each of the four indicators, into components m 
accordance with this assumption 

In the 1949-1951 theory, the reaction potential — dependent variable 
relations are constructed, of course, in terms of the new methodology The 
procedure now becomes quite direct, at least in general principle Since 
it is now assumed that 8 Er is m some sense quantified, all that must be 
done is to determine the relation between B E R and corresponding values 
of the dependent variable indicator m question 

The problem of the relation of b Er to reaction latency is automatically 
solved by virtue of the fact that the B E B values of the original quantifica- 
tion experiment were derived from latency data Indeed, we have already 
had occasion to refer to the fact that the quantification study had yielded, 
by highly indirect means, an equation for B E R as a function of latency 
( B t R ) in consequence this equation provides the content for postulate XV 
which reads (75, p 107) 

Reaction potential ( B E R ) is a negatively accelerated decreasing function of 
the median reaction latency ( B t R ), i e > 

b E r = a s t R ~ b 

Remarkably enough, this is one of the few elements of the 1949-195 1 
theory which remains in about the same form as the corresponding as- 
sumption (postulate 13, p 344) m Pr B , despite the fact that the former 
assumption was constructed without benefit of ‘‘quantified’ 9 data 

Going on to the relation of B E R to amplitude, we run into a predictable 
difficulty No “scaled" S E R values for amplitude happen to exist As Hull 
points out (75, p 108) , the “methodology for doing this seems now avail- 
able, though it has not been utilized ” In rigid accordance with the new 
methodology, however, Hull proceeds to make “the best temporary shift 
possible,” to wit (75, pp 108-109) 


1»51 sets Although such tendencies were evident enough in IW3, they ha\e become 
even more conspicuous in the new theory 
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Hovland utilized four groups of 32 human subjects each in setting up 
the galvanic skin reaction to a tone with 8, 16, 24, and 48 reinforcements 
respectively Substituting these N values in a learning equation obtained from 
59 albino rats whose reaction potentials had been quantified by means of 
the paired comparisons technique based on reaction latencies , we obtain 
the corresponding a E R values 41 

The operation can now be completed by fitting an equation to these bErs 
as a function of the corresponding obtained galvanic skin response ampli- 
tudes, and we thereby get the content of postulate XVI (75, p 109) 

Reaction potential is an increasing linear function of the Tarchanoff 
galvanic skin reaction amplitude (A), i e , 


bEr — cA — b 


For a second time, we are confronted with one of the rare cases of a 
correspondence with a function form assumed in PrB (postulate 15, p 
344) 

Continuing to the relationship of reaction potential to n, the number of 
extinction responses (75, postulate XVII), it still remains necessary to 
use a makeshift technique to estimate b Er s Hull deems it necessary to 
determine two cases of this law, the first (A) for “reaction potentials 
acquired by massed reinforcements” (p 112) and the second (B) for 
reaction potentials acquired by quasi-distributed reinforcements” 
(p 114) The utility of this is not quite clear, since the basic “law of habit 
formation” (postulate IV) is stated only for the second of these conditions 
In any event, b Ers for case A are derived in a manner analogous 
to the amplitude function, by combining certain of the Perm-Williams 
data (103) with the basic b Er as a function of N equation Estimated re- 
action potentials for case B are indirectly derived from a part of the 
Ynmnguchi motivation study (75, pp 112-113) Equations fitted to these 
t^vo sets of flC/t values as a function of n yield the two parts of postulate 
XVII (75, XVII A , p 112, XVII B , p 114) It turns out that the func- 
tions for parts A and B are markedly different, and that both differ from 
tic corresponding principle (postulate 14, p 344) of PrB In this case, 
creforc, the new quantificational method leads to a substantial change 
m the theory 

At tins point, we must note another substantial change with regard to 
epen ent variables Probability of reaction evocation (p) , which was 
finked to B E r bj postulate 12 in 1943 (56, p 344) , ts nowhere to be found 
ns, a cr all, is not a minor omission, because what a theory can talk 
n . ° U ri * ? * mfl k° Predictions about) is restricted to the referents of its 
_epcn_en \nnables, and probabihtj of response occurrence would seem 


aemilar . WOrt ^r^ l * e to ^ uotc Rnh 8 account of this “makeshift" because 

The few Lalerf P * repeatedly m arriving at other assumptions in the theory 
lew scaled ,E, values m existence must obviously carry a great load 
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to be one of the th.ngs that any S-R theoiy of learning would have to 
talk about, if it were to have apphcational utility 
The reason for the elimination of p is hidden in a note at the end of 
Essentials (pp 125-126) There Hull indicates 


It has been pointed out above that „0* probably begins with a zero dis 
persion when S E R stands at zero and increases as a growth function, at least 
tn rough the first eight or nine reinforcements This is very different from the 
hypothesis earlier utilized which was that the dispersion of a O x is mvan 


This changed assumption naturally greatly reduces the amount of variability 
m the probabdity (p) of reaction evocation in simple reaction situations as 
the threshold is being crossed by B E R during the learning process Felsmgers 
empirical results [the reference is to the ubiquitous calibration experiment] 
indicate once the response had risen above the reaction threshold and had 
been reinforced, it relatively infrequently failed to do so during the continuing 
learning process, which is what would be expected by the present revised hypo 
thesis regarding B 0 R dispersions (brackets mine) 


In other words, pursuit of the new quantificational program leads, by a 
route we have already mapped, to the "discovery” that the dispersion of 
sOr (or s$r) is very slight m the area of the reaction threshold This would 
imply that, immediately after the threshold is crossed, the likelihood of a 
fluctuation of sEr sufficient to depress the reaction below the threshold is 
very small Therefore, any assumption which implies a very gradual in- 
crease m reaction probability as the initial reinforcements accumulate (as 
did the 1943 postulate 12 which assumed an ogival relationship between 
sEr and p) must be abandoned Therefore , p as a primitive dependent van 
able of the theory must be abandoned 42 
Once more, then, the new quantificational method forces a major change 
in the theory It might perhaps be argued that m this particular case it is 
not the new quantitative commitments per se, but these in conjunction 
with the evidence of the Felsmger experiment, which force the change 
However, examination of the details of this study (13, pp 216 217) will 
show that the procedure was such as to insure a p of close to unity after 


“In all fairness to Hull it should be acknowledged that he recognized that the 
high stability of the response after the first superthreshold reinforcement m the 
calibration experiment contrasts sharply with the very slow increases in p 
observed in the case of conditioned blinking and in rote /earning {75 p 126) 
He hypothesized that these latter forms of learning are in reality cases of simple 
trial and error learning and that what was formerly supposed to be the reaction 
threshold was a strong competing reaction Thus it is evident that he hoped o 
deal with certain of the relations between bEs and p in terms of a sequence of 
theorems relevant to simple trial and-error learning It is even possible that this 
elimination of p from the postulates of the theory, recognizing as it do^ the 
situation bound character of quantitative behavioral relationships may be ah appy 
alteration of the system But from this point of view Hull might ; as have 
abandoned all of the postulated relations between xEx and the dependent vanab 
as indeed every other quantitative postulate oj the theory 
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the occurrence of the first superthreshold reinforcement And this aspect 
of the procedure was such, because the quantification al program which 
motivated the study demanded that it be such 

By way of summary, then, in all of the dependent variable postulates 
of the new theory, 43 and indeed in all of the examples considered in this 
section, the dominating factor is the new quantificational program No 
matter how slight the realized portion of this program may be, no matter 
how tenuous, remote or arbitrary is its application m a given case, the 
dictates of the new method are followed When, as in the case of postu- 
lates XV and XVI, pursuit of this method yields results which agree, 
through some distant coincidence, with earlier assumptions, they are 
retained When, as in the case of new postulate XVII, and the dropping 
of p, the method yields findings at gross variance with earlier assump- 
tions, it is these findings which determine the content of the new theory 
In no case do the changes seem related to a careful assessment of experi- 
mental evidence, or a rational calculation of theoretical plausibility In 
this way does the new theory, which superficially seems by virtue of the 
magnitude of the changes to register marked empirical sensitivity, register 
only the consequences of a premature attempt to achieve quantification 
The only “evidence” underlying, at one inferential distance or another, 
most of the changes are the twenty-five pooled b Er values for the fifty- 
nine rats of the calibration experiment 

3 Evaluation of the Quantificational Program 

In the preceding presentation of the objectives, nature and consequences 
of the new quantificational program, an effort has been made to hold 
evaluative analysis to the minimum This has seemed desirable m order 
to reveal the rather complex strategy and intricate tactics of the pro- 
gram in an unencumbered way Since, in the limited explanatory mate- 
rial connected with the 1949-1951 postulate sets, Hull had been far from 
clear-cut about the relations between the quantification of B E R and the 
new theory, the tracing out of these relations seemed to merit undivided 
attention It has also seemed desirable to let the new quantificational pro- 
gram speak for itself, because m a sense it is self -evaluating The methods 
(and their results) contain at every point so many gratuitous assump- 
tions, remote extrapolations, arbitrary mathematical transformations of 
data autistic anticipations of empirical outcomes, that it becomes almost 
meaningless to fix on any given set of inadequacies to the exclusion of 

* *\ As Rn ac ^ c " d “ I " lo the abotc ducussion of the dependent variable postulates 
it inoulu be noted that there is still no evidence of any more satisfactory constitu 
tion of the response class than there was tn 1913 Tims the present dependent 
iambic indicators are just as ambiguous with respect to what it is that they 
indicate tw, response) as were the dependent aariables of PrJi (cf p 44 this 
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others Such inadequacies should be conspicuous enough from any close 
reading of the foregoing account, but it must be emphasized that any 
selective account of tins material can only impart a remote flavor of the 
actual state of affairs 

In this section, we mil present only a small sample of the evaluative 
points that might be brought to bear on the quantificational method and 
its consequences Generally speaking, we will confine the discussion to 
issues which may pro\ ide additional insight into the characteristics of 
the quantificational program and the new theory which it has produced 
In the following discussion, then, we present evaluative analyses of (a) 
the scaling of reaction potential , and (5) the associated procedure of pos- 
tulate construction which determined the content of the new theory 

a. Evaluation of the g L n scaling technique The most effective way to 
evaluate Hull’s “quantificational methodology” for the scaling of B E R , is 
in terms of his own stated objectives One could devote time to question- 
ing the logic of transferring a scaling method, the properties of which 
are ambiguous even withm the original psychophysical setting for which 
it was developed, to a radically different situation Again, assuming that 
the Hulhan modification of the procedure is entirely legitimate, and its 
application to the data of the calibration experiment impeccable, one 
could still raise a number of severe questions about the a priori theoretical 
utility of the resulting scale values One might, for instance, question the 
a prion assumption that Hull must make to the effect that the different 
empirical indicators of 8 Er are ordinally correlated to a sufficiently high 
degree, to permit predictions, from 8 E H values based on the scaling of a 
given indicator (eg, latency), of the corresponding ordinal values of 
some other indicator (e g , ampfitudej The direct way to proceed how- 
ever, and the one most likely to give further insight into the terminal 
status of Hull's theory, is to test the methodology m terms of the explicitly 
stated objectives 

We will recall that the basic requirement demanded by Hull was that 
“all quantifications of reaction potential however empirically manifested, 
should be expressible on the same scale and m terms of the same unit” 

C64, pp 238 239) There is ample evidence that the methodology did not 
meet this requirement 

Evidence which plainly shows the untenability of assuming that the S E K 
values arising from the calibration experiment have comparable significance 
in any context outside that of initial determination, has already been alluded 
to m the discussion of behavioral oscillation It will be recalled that in the 
attempt to test the normality assumption with respect to the dispersion of 
sEr differences (145), Hull plotted the distribution of a large number of 
calculated s Er differences at the latency asymptote for the hfty-mne ani- 
mals of the calibration experiment The resulting distribution was sym- 
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metncal but leptokurtic This, of course, posed for Hull the critical problem 
of how the scale values were affected by such a departure from the pre- 
suppositions underlying their construction 44 

Since the scale values of the calibration experiment are based upon 
standard tables of ordinates and areas of the normal probability integral, 
Hull proceeded to construct analogous tables based on the empirical 
characteristics of the obtained leptokurtic distribution These tables 
clearly (and predictably) imply that scale-separation values constructed 
on the assumption of a Gaussian distribution, must be substantially 
distorted when a distribution is actually leptokurtic From the empirical 
leptokurtic distribution, Hull is then able to compute new scale values 
corresponding to the twenty-five scaled a E R values of the original study 
These corrected S E R values are shown by tests of internal consistency to 
contain significantly less scale-separation distortion than the original 
values, and Hull is presumably out of his dilemma Indeed, after all this 
laborious work, the dilemma seems spontaneously to evaporate, for Hull 
maintains that a fit of the corrected a E R values gives almost an identical 
equation to the one fitted to the original values, except for a 10 6 per cent 
reduction m the coefficient determining the asymptote This, despite the 
fact that there are marked apparent differences m many of the scale- 
separation values 

In this way does Hull extncate the “quantificational methodology” from 
the impasse created by a failure to confirm the normality assumption But 
at this point it is necessary to raise an unhappy question Does not the 
entire rationale of the paired comparisons and similar scaling techniques 
depend on the assumption of a canonical distribution of scale value differ- 
ences, i e , a distribution having certain invariant mathematical properties? 
The fact that the “5000 calculated momentary reaction potential ( sEr ) 
differences of fifty-nine albino rats at the limit of latency reduction due to 
training” (145, p 220) yields a leptokurtic distribution with a of exactly 
3 9S73 docs not mean that precisely the same amount of leptokurtosis will 
be present m the next study, or indeed a repetition of the same study 45 

“The rather tortured character of the article (145) in 'which these consideration.? 
arc reported is perhaps an indication of Hull’s concern over the resulting challenge 
to his quantificational method Hull s disturbance can perhaps be inferred from the 
fact that he felt it necessary to devote considerable space (pp 227 228 pp 234- 
230) to an anal} sis of three early studies of Thurstone with the intention of 
demonstrating that there are indications in these studies as well as his own of 
“scale separation distortion produced by the application of a Gau^ian probability 
table to a leptokurtic distribution of paired-compari'on data” (p 220) Indeed he 
goes so far as to suggest in a footnote (p 237) that “leptokurtosis may be the true 
basis of individual psychoph>sics and individual behavior theory generally, as well 
as of the pooled results by the Thurstone type of procedure ” 

' " ^’flL ln ,^ ,calC3 P 229 'In the case of p t the statistical indication is that 

the SS73 dev ion be>ond 300 has a ratio of 1352 to its probable error, which 
corresponds to & probability of about t m 6 that |t w due to ^ chance of 
samolm; 
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•A , matter of fact, there is no particular reason to expect leptokurtosis at 
all in the next study, or symmetry, or indeed anything, but we are trying 
to remain within the framework of Hull's argument 
That Hull w’as concerned about such considerations is revealed in a 
footnote (145, p 236) 

In case the degree of leptokurtosis vanes from one project to another this 
will present a practical difficulty However, with modern calculating devices 
it should not be too laborious to compute several leptokurtic tables covenng 
the range over which data vary As a beginning tables could perhaps be 
made which are based on 0 2 >s of 3 75, 4 00, and 4 50 Meanwhile we may be 
able to establish a dependable rule which will enable us to estimate rather 
closely in advance which table will be required If not it will be fairly easy to 
apply our test for scale separation distortion, or some improved version of it 
to the Thurstone Case III procedure and try the suitability of one table after 
another to the paired comparison data until one is found which will yield a zero 
or near zero degree of distortion 

The above statement makes it clear that, if the difficulty is a “practical" 
one, it is certainly a cumbersome practical difficulty, to say the least But 
is the difficulty merely a practical one? “All quantifications of reaction 
potential” must be “expressible on the same scale and m terms of the same 
unit ” Hull grants the possibility of the degree of leptokurtosis varying 
from project to project This means that the resulting scale values will be 
on different scales (and in different units) in different projects A possible 
reply to this is that so long as both scale values and fa’a for the different 
projects are specified, the values should be intertranslatable But, at this 
point, an additional complication must be introduced If Hull grants that 
degree of leptokurtosis may vary from project to project, he must also 
grant that it may vary for the distributions of sEr at different stages of 
learning within the same project The assumption that such sEr differences 
at different stages of learning will have precisely the same fa s is more 
than a little demanding on reality We have already seen that Hull's plot 
of the standard deviations of the s$r differences for successive trials of the 
rats of the calibration study, at the different stages of learning, shows 
marked variability What reason is there to assume that the various distri- 
butions show any less variability with respect to other characteristics, 
including fa? This would obviously mean that, even within a given study , 
sE r scale value differences are not “in terms of the same unit, and indeed no 
unambiguous scale can arise 

Hull s requirement that all quantifications of reaction potential be on 
the same scale and m the same units is a rudimentaiy requirement dic- 
tated by the logic of measurement There is, however, a position gaming 
ground among psychological methodologists (e g , 4, 18) to the effect that, 
since all mensurational scales are essentially approximations to the condi- 
tions demanded by the logic of measurement, the cntical test of a 
mensurational technique should be its fruits in mediating quantitative 
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consistencies among lawful empirical relations When a mensurational 
procedure deviates from the formal requirements of measurement to the 
extent that Hull’s “quantification” of 8 E R does, it becomes autistic to 
believe that such a procedure could conceivably lead to empirically fruit- 
ful consequences Nevertheless, it is clear that Hull intended such con- 
siderations to serve as the critical test of his methodology 
Hull is very explicit about this in the foundation article of the quanti- 
fication sequence (64) — A Proposed Quantification of Habit Strength 
We will recall that after their pointing out that the “excellences” of 
physical measurement “have been found in the facts of quantitative 
consistency of the results of measurement with related phenomena and 
the extent to which they have facilitated the simplified systematic 
organization of the field,” Hull goes on to say (64, p 252) “Similarly, 
the present and all other proposed methods of behavioral quantification 
must depend for their validation, at least m part, upon the quantitative 
consistencies and systematizations to which they give rise ” Recall, fur- 
ther, that Hull cites two concrete examples of the possibilities for making 
an initial evaluation of the capacity of the g E R scaling technique to 
mediate “quantitative consistencies” with “related phenomena ” The first 
of these requires that an g E R learning curve of the same form as that 
resulting from the initial calibration experiment should emerge from 
the application of a similar scaling method to “reaction thresholds in 
the case of conditioned winking of the type reported by Reynolds ” The 
second example, and one represented as a possible “critical test of the 
methodology,” demands that a fit of equations to scaled values based on 
two independent indicators of the same habit acquisition should result 
m expressions which agree both m form and m the values of their con- 
stants Although the above suggestions for a test of the methodology were 
published in 1947, there is no evidence that these or any comparable 
determinations of validity were ever earned out Indeed, there is not a 
single instance, in any subsequent publication , of an attempt to assess the 
consistency of the results of the scaling procedure in terms of its applica- 
tion to two independent sets of data In one of the two published studies, 
other than the calibration experiment, which employs the scaling proce- 
dure (141), Hull found internal evidence which led him to conclude that 
(p 199) it “is quite possible that this unit [ 8 E R m sigmas] could 
\arj from one situation to another and especially from one type of be- 
havioral process to another ” Despite these circumstances, 
and despite the wide and obvious departure of the method from the 
formal requirements of measurement, the quantifi cation al results of the 
calibration experiment (and the stud} just cited) arc allowed to ramify 
into c\ery part of the new theory 

In publications subsequent to A Proposed Quantification of Habit 
Strength, the demand that the methodology be validated m terms of the 
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quantitative consistency of its results ruth related phenomena undergoes 
a subtle reinterpretation To take but one example, the next article in the 
quantification sequence— Some Functional Relationships of Reaction 
Potential (jCj.) and Related Phenomena (15)— gives promise, in terms 
of its title, of carrying out precisely the type of validity determination 
mentioned above Actually, what Hull does in this article is to put 
oroard some twchc equations, all of them deriving, in one way or 
another, from the basic scaled (and unsealed) data of the calibration 
experiment 

For example, equation 1 (15, p 513) is the foundation equation for 
as a function of the number of superthreshold reinforcements (.AT) 
Equation 2 (15, p 514) is merely the definitional assumption that the 
absolute zero” ( Z ) of reaction potential lies two reinforcements below 
the threshold Equation 3 (15, p 514) gives the scale value for Z as 
derived by the substitution of “—2” for N in equation 1 Thus, we now 
have a number for the scale distance separating the absolute zero of 
reaction potential from the threshold (Z — — 426) From this and equa- 
tion 1, it is now possible to write equation 4 (15, p 515) which specifies 
bEr as a function of N (number of reinforcements from absolute zero) 
Other equations in the sequence are of the order of the equation for B H R 
as a function of N (equation 8, p 516) which, as we already know, is 
essentially equation 1 with its coefficient omitted, and equation 9 (15, p 
518) which is the fitted equation for 8 Er, as a function of the median 
latencies of the calibration experiment 
In the final paragraph of this article, Hull remarks (15, p 526) 

And, finally, attention may be called to the fact that the method of quantify 
mg reaction potential upon which the most of the conclusions listed above are 
based has satisfied the pragmatic test of fertility in the following respect the 
methodology for quantifying reaction potential taken jointly with its theoretical 
setting has yielded a number of equations several of which may be considered as 
first approximations to potential primary molar behavior laws, the determina 
tion of parameters involved in such Ians or both 

The “pragmatic test of fertility” that Hull is referring to here has plainly 
nothing to do with the pragmatic test of validation in terms of “quantita- 
tive consistencies” of the sort referred to in the previous article In that 
article the “consistencies” involve the agreement of independent applica- 
tions of the methodology to related empirical phenomena In the present 
connection, the entire analysis remains within the framework of the 
original quantificahonal study The only “fertility” m evidence is the 
demonstration that, given the initial equation 1, and making a number of 
arbitrary theoretical and definitional assumptions, it becomes possible 
to write a number of relatively simple transformations (eg, equations 
4 8 etc ) In not one case does a transformation test the empirical valid- 
ity or plausibility of either the quantificational methodology , or the 
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resulting B E n learning curve, or any of the other assumptions which 
mediate the equation sequence. We may add that in every other instance 
in which Hull discusses the "fertility” of the quantificational method, the 
attempted demonstration discloses only an illusoiy fertility of the sort 
just considered. 

Before closing this section, it should be recorded that there is reason to 
believe that Hull, himself, had grave doubts about the feasibility of his 
quantificational procedure. Although much of the time he succeeded in 
suppressing these doubts, there are many evidences in the tone of his final 
publications of a degree of tentativeness far in excess of his earlier writings. 
We have already indicated that in the second of the published experiments 
which employ the scaling method, Hull was forced by the evidence to admit 
the possible failure of the technique. This study by Wilcoxen, Hayes and 

ull will be discussed in detail in a later consideration of the inhibition 
postulate. Towards the end of Essentials, Hull makes a statement that 
again goes further than a protestation of tentativeness This arises in con- 
nection with the presentation of the finding, mentioned above, that the 

Tie „ / s0b) dispereions > var y for different trials of training. 

He says (pp. 99-100) : 


system 0 the ‘^ R 1S tbe umt nl * Quantification of g E R in the present 
S m nlrSli ' •o Ue J Se , StS a senous pr ° bl ™ I* is" rue that ,n a 
equa “es the 0° im.L 1 “ eU :? dollo Bf de ™ ad ^ Thurstone, with its <r K , largely 
trouble with £* mw ii 1 “? “ y utd,zed m any Patbcular quantificatmn One 
vanous nortione i^ 10 " 8 employed to date ’ 5 that ™ our experience the 

dure r t hat ‘ eff T mg pr0ces , s are une Q ualIy sa »PM by this proce- 

ss means thatTith.n * ° r leSS d,iTcrent > s used in each study 
stant— namely the t ff 11 ST***"* ‘ he wat ,s app ™nnately con- 

parable with one another « h dlffereDt Quantifications are not exactly eom- 


This admission of "serious difficulties” is left hanging in mid air in 

mth n regari Q tothe 8 b e k° m t the ?°f ble ,mpllcations of ™ch difficulties 
U evidenMhat h bankrup tuy of the entire quantificational method, it 
tative finding w£ y ra P resent f <= ntl oal deficiencies in the specific quanti- 
8 h have 80 far resulted from application of the method 

implications for 1 Uie t meftod as U are S ce° t 11 " 6 ' severe - are not as final in their 
text Thurstone's c-which presumably U>B ones already considered in the 
sigmas of the difference disperaioS at , corr f ct,on for variability in the 

approximate correction and Hull BPP m e r * ent ° n the scale— yields only 

that different studies unequal Smnl. Tf? t0 f ackn ° wledge thl3 As for the fact 
this is merely a reflection of the circumstance ° f i the Iearnmg P rocess - 
for only 25 of the 60 or more tnall of ^ that Hull selectively scaled bEJ s 
studies, the findings of which are in vnnnni ft ongma * study, while other unsealed 
were obviously not EO treated TTAoI u o / ££?* ' 0I ? bined with the *E R equation, 
admission that difficulties with thl ™ ! ) nterest about thus statement us Hull's 
sciktc to call into question whatever part fi ndtn Q*> sufficiently 

application, exist ter parl °J lhe new theory is based on their 
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It is these findings which have determined the content of many of the 
assumptions advanced in Essentials Thus we have here a kind of implicit 
disclaimer, on Hull’s part, of much of the new theory 
In summary, the argument of this section is that evaluation of the 
sEn scaling method in terms of Hull’s stated criteria discloses a failure 
to satisfy these criteria, m every case 
b Evaluation of the procedure of postulate construction We have al- 
ready tried to show that the procedure of postulate construction employed 
m the new theory was largely determined by the nature and results of the 
method for scaling bEr Thus, evaluation of the scaling technique is in 
many respects tantamount to an evaluation of the method of postulate 
construction Nevertheless, brief consideration of a number of issues in 
this connection will enable us to arrive at a fuller characterization of the 
status of the 1949 1951 theory as against the theory of PrB Accordingly, 
in this section we evaluate Hull's new technique of postulate construc- 
tion with respect to (1) the problem of inferring intervening variable 
functions from empirical functions , and (2) adequacy of the induction 
basis 

(1) The problem of inferring intervening variable functions from 
empirical functions By an “intervening variable function,” we will mean 
a statement having the form of an empirical law which relates (a) two 
or more intervening variables, or (6) one or more empirical variable (s) 47 
with one or more intervening variable (s) 

By an “empirical function,” we mean a statement having the form of 
an empirical law which relates two or more empirical variables The 
problem involved in constructing "intervening variable functions ’ from 
“empirical functions” is often rather inexactly referred to in some such 
way as the problem of inferring learning relationships or “processes ’ 
from performance data 

We have seen, at a number of points, that Hull recognized the problem 
of constructing intervening variable functions from empirical ones as a 
critical problem We will recall that the solution of PrB was an incon- 
sistent one, eventuating in the direct transfer of the empirical variable 
function forms to the postulated intervening variable function forms, in 


. , mm .Um >n the cases we will consider correspond to the 

The ‘ j t am j dependent variables of Hulls theory Hull considers 

systematic independent and ^ m prac[Ice equa[es them m(h lt m 

hive termedUhe experimental independent and dependent variables of p.en stud.es 
have termen i p construction of systematic independent and dependent 

Actually the problem of eon , jnd Bdent and depcndcnt variables 

variables from relevant cla^oi (related f , 0 the prob lcm „f 

* * theoretical problem of great ^comp , ^ Hu „ ^ ^ 0(h „ 

satisfactory ope ^ discussion as in all preceding discussions of similar 

theorists ^ ^ ^ , y , !cmal , c lnde . 

issues we ar dent var]a bles = experimental independent and dependent 

i™iabtas = empneal variables This is a >ciy gratu.tous os if 
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the case of most of the assumptions in the theory It will also be recalled 
that Hull apparently felt he could avoid this difficulty in terms of the new 
quantificational procedure The rationale behind this might, once more, be 
retraced m the following terms 

The dependent variables of all empirical functions are, by definition, 
sEk (“performance”) indicators If a scaling technique exists for trans- 
forming s Er indicators into “genuine” quantitative measures of sEg, 
then a bridge exists between all empirical dependent variables and at 
least one key intervening variable ( B E R ) If now a number of rational 
assumptions are made which (1) identify other intervening variables of 
which s Ejt is a function and (2) posit certain very general formal rela- 
tions as holding among these variables, then a mathematical analysis of 
the components of quantified s E e functions may reveal the detailed 
quantitative relationships between the other intervening variables and 
b Er In this way, one can presumably get (a) from any given empirical 
function to a corresponding intervening variable function in terms of sE x , 
and (b) from the intervening variable S C E function in question to other 
intervening variable functions which are constitutive of bVr 
We have already tried to show how Hull applied thiB methodology to 
the construction of the postulates which determine the primitive constitu- 
tion of b Er (postulate III through IX) Here it should be added that the 
same logic is used in the construction of all other intervening variable 
functions in the theory, eg, in the case of the inhibitory assumptions, 
by analyzing equations based on empirical functions whose independent 
variable conditions presumably legitimate the phrasing of the dependent 
variable of the equation as S E R} rather than g E x 

Our previous account, however, was restricted to a presentation of the 
program for quantification and postulate construction in its relation to 
the content of the new theory But we already know too well that the 
only extant scaled s Eb values derived from the foundational latency 
study (13), and to a lesser extent from the two remaining studies (141, 
146) which employ the scaling method Thus, the only presumptive s En 
equations having the status of intervening variable functions (by Hull’s 
criterion) , and thus legitimately available for the construction of postu- 
lates, were the ones deriving from these three studies It follows that the 
construction of most of the postulates m the theory must proceed from 
the analysis of empirical functions in which the dependent variable is 
not sealed h Eji, hut an indicator In this very real sense, Hull in the 
1949-1951 theory is doing precisely what he did in Pr B he is directly 
imputing to inter! enmg variable functions the characteristics of empirical 
functions The entire quantificational program calculated to avoid this 
practice remains a program, and the practice continues 
Hull indirectly acknowledges this practice early in Essentials , when 
he is citing the Perm-Williams equations to demonstrate that their co- 
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efficients vary as a function of D, while the exponential constants do not 
He says (p 34) 

In reporting their studies these authors utilized the number of unremforced re 
action evocations (n) instead of 8 E R because these values are quantitatively 
somewhat similar to S E R and the true g E n determination was not available at 
the time As an expository device, we accordingly used the symbol S E n instead 
of either 


From this point on, virtually every equation in the book, the analysis 
of which is used for purposes of postulate construction, is in terras of 
bE'x, not 8 E r 

(2) Adequacy of the induction basis Since the “quantitative” equa- 
tions deriving from the calibration experiment comprise either the full or 
partial basis for the construction of virtually every postulate, an over-all 
evaluation of the adequacy of the induction basis need not detain us for 
long The pooled reaction latencies of fifty-nine rats provide a slim empiri- 
cal basis for any theory of behavior, independently of what interpretation 
is made of the scope of the 1949 1951 theory If Hull intended this theory 
as a completely general one, so much the worse, the situation improves 
only slightly, however, if the theory be interpreted as a rat theory, or a 
rat manipulandum-operation learning theory , or indeed even a t ieor> 
of rat mampulandum reaction latency in a modified Skinner box 

Assuming that the scaling technique were entirely aatisfac i oiy, there 
would still remain reason to believe that the data of the foundation cipcn- 

. itelv described by the equations that represent 

ment per se are inadequately descrioeu oy i i 

them For instance, Hull admits, at one point (15, pp 520 522), that of 
“three different equat.onal forms” which "were onginally considered ns 
nossTbilrties for the representation of „E* = /W," the one vine], gaie 
Z S fit was a log function Yet, ^cau^e “the simple earning proc^ 

should approach a ^^TuhruThmate,^ elVZ theory 

other equations, the Brovdh f ^ choecn A g a m, Hull admits (15, p 

of 1949-1951 as its has <1 ’ f obnous defect in the learning 

ffi rr t’hc qu an 1 1 (lent ions if 
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results were accordingly used Nevertheless, m an earlier article (13) 
concerned with deriving the law of reaction latency as a junction of the 
number of reinforcements from the same data, Hull reports alternate 
equations which are based respectively on the Vincentized and non-Vin- 
centized latencies In this case, he concludes that “the one based on the 
Vincentized latency values is believed to be distinctly the more significant 
of the two” (13, p 228) Consequently, the equation for the Vincentized 
latencies is represented as “the best approximation of the quantitative 
molar law relating 8 t R to N ” 

In this latter study, there are further clues as to how well the fitted 
equations can represent the empirical findings of the basic latency study 
It is made clear that the data showed great variability and skewness, 
both with respect to the successive post-asymptotic trials of individual 
animals, and with respect to individual differences among average post- 
asymptotic latencies for the fifty-nine animals So great was the spread 
between mean and median latency values for the various trials of training, 
that Hull felt impelled to “fit” equations to both sets of values Thus 
four equations m all— one each for the mean and median values of the 
Vincentized and non-Vmcentized latencies, respectively — eventuate from 
the data of this study 49 Needless to say, equations for the means and 
medians turn out to contain markedly different constants Since there is 
also substantial disagreement between the pairs of equations for the 
Vincentized as against the non-Vincentized data, it becomes anyone's 
guess as to which equation best describes the data If we add to this 
ac m (p 224) the explorational nature of the present investigation 
does not warrant the great labor involved m the complete least squares 
fitting techniques (a short-cut method of estimation being used), it 

nri-nrnf S °w "'r ° ® uess as to whether any of the equations bear an 
accurate relationship to the data 

th^mduchv H h UU T BtUdK!5 ° ther than the caI,bra t>°n experiment as 
the inductnc basis for various elements of the 1949-1951 theory the 

““ T° CmP : nC31 matCna,S ,S cavah°e7 This 

endent in the extreme selcctedncss of the data chosen to suecest 

C0I>S mC lntcrrclatlon s, the tendency to twist data gathered for qmte 

n sSf' Abidingly ^tte cquaUon u° y, , eld , * he m ° re '“^■Scant measures” (13, 
law (or as a fun‘t,on o( W SCCCl "? as t>«t representation of the 

fafrncir* The difficulties and restriction* based . on tlie median Vincentized 
data taken oa induction basis for on i l i emrnm g from high variability in the 
work done with thc YJe £,5.r,S ,„ t iT T nCW 1° Hu " Most ° f earlier 
distnbutions characterized by^igh^anabdit^nnd'^h^ 0,1 ( ° S 1 103) d!lla 
mg each data in term, o[ mediae ™ l' 1 " 1 convcnt| on at Yale of treat- 

in PrM are for medians I J Saltrman and tl, 11 " 18 ' m , any of thc c 9 uat,0 us given 
bare argued that so great la the ? , d , tho Pm-ent writer (100 pp 3CI-30S) 
miarurea doming from the kal^sw b "i! y “ tho distributions of extinction 
Purro-c o, formLt.ng q l utt,m,tftSrv,oM;w“ '° ™ U ,hc da,a “ nfit ,or 



139 


CLARK L HULL 
different purposes to the demands of the theory, the practice of fitting 
equations to data which are inappropriate for quantification, the casual 
a titude towards the number of data points and the goodness of fit, and 
the willingness to make remote inferences by combining arbitrary calcu- 
lations deriving from unrelated sources of data In short, most of the 
canons of inductive “logic” are m some way violated These tendencies 
were only too obvious in the theory of PrB , yet they are incalculably 
compounded in the 1949-1951 postulate set 
At various stages m the preceding discussion, reference has been made 
to a number of empirical studies (in addition to the e E n quantification 
experiment) which have figured in the construction of postulates Itemi- 
zation of a few of these, together with a number of studies which have 
not thus far been mentioned, should provide an adequate sample of the 
inductive materials on which the new theory is based We will neglect 
in the following considerations the fact that most of the equations m 
Essentials are in terms of b E'r rather than B E R 

1) We have already noted that the logarithmic stimulus intensity 
dynamism (V) function is based on indirect reaction potential calcula- 
tions imposed on the data of a visual reaction time experiment (7) done 
by Cattell in 1886 The “reaction latencies for CatteIJ’s two subjects” are 
averaged and then converted into equivalent reaction potentials bj means 
of the modified form of an equation which recently became available" 
(75, p 44) The equation referred to is, of course, the equation for B Ejt 
as a function of latency which was derived from the calibration experi- 
ment 
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strate: namely, that “the numerical constants in the three exponents 

are about the same” (pp. 48-49), but that the coefficients vary. 

It should be added that the same Crespi data, as represented by 
postulate VII (the incentive motivation function) , are further utilized, 
and even more gratuitously elaborated, in the analysis of “The Problem 
of the Behavioral Summation ... of Incentive Substances” (75, pp. 70- 
72) that produces corollary vii of the new theory. 

3) The findings of the Mowrer-Jones study (100) on resistance to 
extinction as a function of work are heavily leaned upon for the con- 
struction of an important part of the inhibition postulate (postulate X.E. 
75, p. 81) , and for the formulation of corollary ix (p. 84) , another element 
in the present analysis of inhibition. Yet it will be recalled that these 
investigators employed but three different settings of their independent 
variable (grams required to depress the Skinner box lever) . This yielded 
three data plots for the fitting of a function which has played an im- 
portant role in both the 1943 and the present theories. 

4) In like manner, several of the other studies which had only a 
questionable value for the purely “programmatic” quantification in Pr.B. 
are still used in the altered quantitative context of the new theory. For 
instance, the thin strand of evidence provided by the Hovland experi- 
ments (23, 24) on pitch and intensity generalization for the construction 
of the 1943 form of the stimulus generalization postulate, still figures 
prominently in the current analysis of generalization (75, pp. 86-92) . 

The Perm-Williams study (103) , which in 1943 defined the role of D 
in the determination of B E n , is currently used, in supplementation of the 
“sealed” Ynmaguchi (147) study, for the same purpose. Its systematic 
burden, however, has been markedly increased. It now is used, in combi- 
nation with the Mowrer-Jones experiment, to provide the basis for a 
tenuous set of calculations designed to yield information about the joint 
relations of “the total number of unreinforced reaction evocations” (n) 
and the amount of work (TF) to net inhibitory potential (/*) (75, pp. 
80-85). This supplies the basis for corollaries ix (p. 84) and x (p. 85). 
Finally, the Pcrin-Williams study is used to provide the foundation for 
part A of postulate XVII (p. 112) on the reaction potentials acquired by 
massed reinforcements, as a function of the median number of extinction 
reactions. Whether the highly variable data of the Perin-Williams ex- 
periment arc suitable even for the fitting of the original descriptive 
functions is open to question (109, pp. 364-3G8). The situation approaches 
absurdity, however, when these data are operated upon in accordance 
with the remote and arbitrary chain of assumptions of the foregoing 
applications. 

As a final point in this section, it should be emphasized that undcr- 
lyjng the u-c of all data in the 1949-1051 theory, as in the theory of 
/ r.I}., and as in Hull’s theoretical thinking generally, is the tacit assump- 
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bon that fundamental behavior laws of unspecified generality can be 
derived from single “curve-fitting” experiments, independently of any 
analysis of the generalization ranges within which the findings can be 
expected to hold. The limits within which a finding may be bound by the 
special empirical conditions of a study is a question that never seems 
to bother Hull. Quite aside from any deficiencies in the logical and mathe- 
matical inferences made from data, every empirical study used as the 
basis of Hull’s theory, in any of its variants, is open to suspicion from 
this point of view. 

C. A SAMPLING OF FURTHER CHANGES 
In the coming years, the impact of Hull’s work will be defined by 
certain of the general hypotheses that he has contributed or elaborated. 
Thus, it is desirable that we examine the fate, as between 1943 and 
1949-1951, of a number of the Hullian conceptions which have not so 
far been considered in our discussion of the new theory. In the following 
paragraphs, then, we itemize a sample of additional changes and innova- 
tions which register the terminal status of Hull's thinking on a number 
of key issues We discuss, in turn: (1) secondary reinforcement and 
secondary motivation, (2) the inhibition assumptions, (3) the stimulus 
trace assumptions, and (4) the problem of constants in behavior laws. 

1. Secondary Reinforcement and Secondary Motivation 

In Pr.B., the major assumption made available for the analysis of 
the phenomena of secondary motivation was the “principle” of secondary 
reinforcement. 50 This assumption was embedded in the formulation of 
the primitive principle of reinforcement (postulate 4, p. 178), and so 
represented a postulated element of the theory. As there stated, the 
assumption simply maintains that an increment of Habit strength will 
result not only when an s-r coincidence is followed by “the diminution 
of a need” (primary reinforcement), but also when followed by “a stimu- 
lus which has been closely and consistently associated with the diminu- 
tion of a need ” Despite the fact that “secondary reinforcement had 
the formal status of a postulate, Hull showed much concern over finding 
a rationale that might make this arbitrary nssumptmn intelligible. He 
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seemed inclined towards the view that (56, p. 100) both forms of rein 
foTcement “arc at bottom, i.e., physiologically, the same” and put forwa 
the hypothesis that a “secondary reinforcing stimulus acquires i s 
power ... by virtue of having conditioned to it some fractional com- 
ponent of the need reduction process.” _ . 

Aside from the purely conjectural nature of the foregoing hypothesis* 
we should note that "secondary reinforcement” contained grave limita- 
tions as an account of the phenomena of secondary motivation. It cou 
deal (at some level) with the circumstances under which “learned 
toards” were built up, but it could not, except in an incorrigibly ad hoc 
fashion, deal with the conditions under which acquired drives were 
formed. The principle provided no mechanism which could characterize 
that (the drive, motivational system, what not) which was being second- 
arily rewarded. Miller and Dollard (96), however, had already before 
the appearance of Pr.B ., put forward their now well-known acquired 
drive hypothesis — which seeks, within the framework of a reinforcement 
theory, to account for the genesis of learned drives in terms of the 
association between a neutral stimulus and the "strong” internal re- 
sponses characteristic of a primary need. It seemed curious, during the 
years after the publication of Pr.B., that some similar hypothesis was 
not added to Hull’s theory in order to supplement the principle of 
secondary reinforcement in the treatment of acquired motivational 


phenomena. 

In the 1949-1951 theory, precisely this latter has been done. The theory 
now contains both an acquired drive hypothesis and a secondary rein- 
forcement hypothesis: corollary i on “secondary motivation” (75, p. 25), 
and corollary ii on “secondary reinforcement” (75, p. 28). 

Notice that secondary reinforcement is now offered as a “corollary,” 
not a postulate. The ground for this change is apparently a further speci- 
fication of the tentative suggestion of 1943 to the effect that the second- 


ary reinforcing stimulus acquires its potency through association with 
“some fractional component of the need reduction process.” It is now 
held (75, pp. 27-28) , in accordance with an analysis recently advanced 
by Miller (99), that primary reinforcement brings about a relaxation 
of the “autonomic activity” associated with the presence of the primary 
dny°. This "relaxation process” presumably becomes attached to the 
•‘Btimul. active at the time, together with the traces of earlier stimuli ” 
including the proprioceptive stimulation resulting from 
The relaxation — which is identified as giving ‘W Is 

‘‘penpr}\U 7 M fnrwnrri i £ rise t0 con ditioned inhibi- 
tions generalizes lorward on those traces” and has th* j 

mg proprioceptive stimulus intensity which in tum ,, effect of red “ c ~ 
stimulus wherever it occurs” But “a rM./r . rn ’, reduces the drive 
fttitutes the condition oi reinforcement iTfoPn™ Stimulus ^ 

Bistcntly associated with a 1° s t iafc an y stimulus con- 


reinforcement situation 


will through that 
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a reduetmn 3Cq ? re the power of evokm g the conditioned inhibition, i e, 

re.nforcement” S 75 U ' U n S and E ° ° f ,tseIf producm S the »«“«« 

scientfi ^ IS Dew account of secondary reinforcement is really a 
H u m 1 , C h fP°tas, or a play upon words, is hard to determine from 
inhib^ r « ^ ISCUSsion Note, however, that the concept of "conditioned 
1 lon ls ^ eTe used m a sense which is given the term nowhere else 
e current (or former) theory Note also that, insofar as this analysis 


can be 


given meaning, it seems inappropriate to many cases in which 


e primary drive is of an approach (e g , hunger) rather than an avoid- 
ance (e g , fear) character, and m which reinforcements reduce the drive 
oy small decrements Under these circumstances we can expect very 
httle of the "autonomic relaxation" which apparently is the basis of the 
present hypothesis Note further that, if the implications of this analysis 
are followed through, it would have the effect of making the amount 
of secondary reinforcement dependent on magnitude of the reduction m 
the drive stimulus, while according to the present Jaw of habit formation 
(postulate IV), the accumulation of B H R in relation to primary reinforce- 
ment is not so dependent 51 In this manner, does the general extra 
systemic conjecture about the basis of secondary reinforcement put for 
ward in 1943, become translated into a detailed component of the 1949 
1951 theory If the original conjecture was a remote theoretical possi- 
bility, its further specification in the new theoiy converts it into a 
downright impossibility 

2 The Inhibition Assumptions 

In. our discussion of Pr B , a detailed analysis of the inhibition po^tu- 
lates (postulates 8 and 9, p 300) was presented The analysis uas calcu- 
lated to show that these assumptions were among the most inadequate, 
both in mode of formulation and empirical support, in the entire theory 
Desmte the presence of many changes of detail in the inhibition n*sump- 
. n „ of the present theoiy, most of the major deficiencies are still in 
“Lee We record the principal changes in the 1949 1951 assumptions, 

=f those of PrB , in the follonmg paragraphs 
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inhibition (/„)” thereby producing net inhibition (/*) la PrB. BxM 
had hinted at the possibility of deriving conditioned inhibition from 
other principles of the system ” In the new theory this apparently has 
been done, as is indicated by the fact that S I B is introduced and implicitly 
defined in a corollary (corollary vm, p 75) So far as can be inferred, 
the “derivation” is made on precisely the same basis as it could have 
been made in 1943 52 

2) As we saw in detail, in 1943 the central ambiguity in the inhibitory 
assumptions derived from the failure to specify the extent to which the 
independent variables given for the determination of net inhibition (/«) 
differentially affect the summative components of t R — reactive inhibition 
(I R ) and conditioned inhibition (g!*) (cf pp 37-39, this report) This cir- 
cumstance seemed peculiarly hamstringing, since a specific quantitative 
relationship was asserted as linking I R and bIr in the production of 1 R 
(“physiological summation” as defined by part (a) of the mathematical 
statement of postulate 9, 56, p 300) , 53 yet no functions were available 
which would permit— even programmatically — the independent calcula- 
tion of Ir and gI B 

In Essentials, there is evidence of a recognition of the preceding set 
of difficulties Part C of postulate X (75, pp 75-76) states that 1 R “sum- 
mate[s] with B I R to make up an inhibitory aggregate (1 R ), ie, 

1 r = I r + bIr” 

But (75, p 75) “unfortunately we do not have precise evidence as to 
the quantitative law of these summations ” Thus, in 1951, we at least get 
a relatively clear cut indication that the inhibition assumptions are 
incompletely specified, that, aside from any other empirical or quanti- 
tative inadequacies, “postulate X is not a postulate, but a program for 
a postulate 

Despite this honest recognition of ambiguity, the essential ambiguities 
of 1943 are still present in 1951 Part A of postulate X introduces the 


“The ‘ derivation however involves an ambiguity in the concept of bIb which 
was already present m 1943 but is even more pronounced in the new theory It is 
assumed that tit arises by virtue of the conditioning of I K 'to any stimuli or 
Btimulus traces accompanying or shortly preceding response termination (p 75), 
the reinforcing e\ent causing this being the reduction of Is due to the cessation 
of response But the conditioning of stimuli or stimulus traces to 1 B (reactive 
inhibition) must imply that It has the characteristics of a response Nevertheless 
It is identified as a primary negative drive (p 74) If Hull s words are taken 
literally this would mean that he is here introducing a mechanism which depends 
°P,. L a f S ^ I ^ 10n ° f a stiraulus and a dn ™ Since in the 1951 theory it is prob 
able that Hull equates drive with the dnve stimulus (Sc), the mechanism seems 
ultimately to involve an association between one stimulus and another Such an 
associative connection is obviously at variance with the rest of the system These 
considerations make tit a peculiarly indeterminate concept 

“.''u 1 " 1 °! l h 0 , PctLi ns-Day equation (66 p 200, p 223) the original 
purpose of which was to define the law of habit strength summation 
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notion of reactive inhibition in much the same way as part (a) of postu- 
late 8 (1943) Part B of postulate X assumes that reactive inhibition 
spontaneously dissipates” according to the same decay function of time 
that was assumed in part (d) of postulate 8 Part G of postulate X pre- 
supposes the construct of S I B — which is defined in corollary ix (1951) n, 
much the same way as it was originally identified in postulate 9 (1943)— 
and is mainly devoted to the assertion (given above) that S I B summates 
with I E to produce l n according to an unspecified function Parts D and 
E of postulates X are analogous in significance to (6) and (c) of postu- 
late 8 Parts D of X and (6) of 8 link net inhibition (t B ) to the inde- 
pendent variable, "number of reaction evocations” (formerly designated 
n > n °w n) Parts E of X and (c) of 8 both link the independent variable 
work” to net inhibition , E doing this in a considerably more indirect 
manner than (6) Bi Nevertheless, just as was the case in 1943, the new 
theory does not specify how n and W differentially influence Ir as 
against gI R , but deals only with the relations of both to 1 R In 1943, this 
difficulty lurked behind the muddy formulations of postulates 8 and 9, 
but seemed not to be recognized by Hull In 1951, the difficulty is 
obliquely, but clearly, pointed up by Hull’s admission that the relation 
between I R and S I R in the determination of t n cannot, as yet, be specified 
But the difficulty remains 

3) Another set of changes is registered by the specification of altered 
function forms in certain of the inhibitory assumptions This occurs m 
connection with the functions attributed in Pr B to the relations between 
net inhibition and the turn independent variables just considered— “num- 
ber of reactions” and “work ” We discuss these, m turn 
Part (b) dS postulate 8 asserted that /* is a "simple linear increasing 
function of the number of evocations” The analogous part D of new 
postulate X assumes that “the Ir present after the successive re- 
action evocations is a positive growth function of the order of those 
responses (n) ’ (75, p 80) 65 This change is of particular interest be- 


“Sub assumption (6) of postulate 8 supposed simply that I, was ‘a positively 
accelerated increasing function of IT (56 p 300 1 ^art E of new postulate X 
links IF to the ‘number of unremforced responses (n) producible by massed 
extinction for ‘constant values of snperthreshold reaction potential (75 p SI) 
From part E together with a tenuous set of calculations based on the Joint use of 
the Mowrer-Jones and a portion of the Perm experiment, Hull tries to derive two 
corollaries The first of these (ix p 84) expresses net inhibition as a function of n 
for a constant value of the number of extinction responses The second (x p 86) 
states net inhibition as a function of the number of reactions required to produce 
extinction for a constant value of IF It .3 clear then that part E of X different 
in formulation as it is from (c) of 8 mediates the linkage of net inhibition to IF 
(through corollary iv) though it does not directly do so 
"It will immediately be noticed that this change serves to eliminate a possible 
internal contradiction pointed to m an earlier part of this report (p 62) namely 
the apparent incompatibility of assuming that .11. accumulates as an asvmptotic 
(growth) function of n while the t. is concurrent!! accumulating as a non vrjmp. 
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cause it represents the only modification of the inhibition assumptions 
which is based on new experimental evidence, and the experiment m 
question is one of the three extant studies employing the paired com- 
pensons quantification methodology 
This study involved the determination by Wilcoxen, Hayes and Hull 
(141) of effective reaction potential (sBb) as a function of “the ordinal 
number of Vincentized extinction reactions ” Thirty-six rats were trained 
to traverse a distance of eight inches and push open a door to a food 
compartment They were given one hundred such training trials (the 
last sixty of which were under differing conditions for various sub- 
groups), and then subjected to a massed extinction procedure until a 
five-minute criterion of no response 56 Since extinction occurred at differ- 
ing time intervals after training for the various animals, “each animal 
was given some retraining before his extinction trials began” (p 196) 
Latencies, defined as the time between the opening of a start compart- 
ment “shutter” and the time at which the animal raised the food com- 
partment door a distance of one inch, were recorded throughout training 
and extinction 

In accordance with the conventions of the quantification procedure, 
the raw latencies were regarded as reaction potential indicators Since, 
however, the latencies here were for reactions occurring during extinction, 
they were regarded as indicators of effective reaction potential (s£ n ), i e , 
reaction potential minus the net inhibitory potential produced by the 
number of extinction responses preceding any given extinction response 
The “considerable variability in the number of trials required by the 
different animals to meet the extinction criterion” (141, p 196) was 
indicated by a range of from 4 to 242 trials, the median being 44 Accord- 
ingly , “the record of each of the animals was converted to a comparable 
Vincent series of 44 intervals” (p 196) The paired comparisons scaling 
technique was then applied “to 26 strategically located sets of these 
Vincentized latencies” (75, p 78) To the scaled gE R values a decay 
function was fitted, via the same short-cut procedure of “successive ap- 
proximations' * previously employed (13) for the determination of latency 
as a function of the number of reinforcements 
It is this latter equation which Hull uses as the basis of part D, postu- 


lotic (‘simple linear increasing’) function In the light of the analysis subsequently 
to be presented in the text it is unlikely that this consideration was responsible for 
the change or that it increases the plausibility of the new assumptions 

In essentials Hull states that the animals * each recen ed 40 reinforcements m 
r-S* 8 nS 8ht pUshmg under a 1,ght sI °P m S door to secure food (75 

P t e>) me article (141) reporting this experiment however makes clear that each 
J®, recen ed one hundred reinforcements the “final sixty of which ‘were given 
under slightly different conditions for three subgroups of the 36 animals The 
differences unoRed ha%mg different stimulus cards attached to the response door 

m tvi 'trZlZ i U C ?J? r the purpose of wvestigatmg a problem not dealt with 

in the present article (141, p 195) 
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late X On the assumption that the reciprocal of A, during extinction, 
must be a direct registration of l x , Hull simply rewrites the negative 
growth function obtained for 8 £ R as a positive growth function for t R 
This, of course, yields the substance of what is asserted jnXD 
The results of the Wilcoxen, Hayes, Hull study are worthy of further 
scrutiny because it is one of the very few studies which has employed the 
new scaling technique The casual procedural details of the experiment 
are apparent m the above summary What is not so far apparent — nor 
is it made so in Essentials, where the results of the study are unqualifiedly 
injected into the theory — are the implications of certain of the findings 
for the entire quantificational program In particular, the investigators 
report (p 198) a “relatively narrow range m S E R values” (1 84a units) 
as resulting from the fitted equation But the first 40 of the training trials, 
it develops, had also been scaled, “and the value for B E R at the asymp- 
tote of latency amounted to slightly over 4a units ” Since extinction 
would seem to demand the neutralization of precisely this latter amount 
of bEr, the authors conduct a search for the missing 2 16 + a units B7 
After an explanation for a part of the discrepancy is hypothesized, the 
search terminates in these words (141, pp 198-199) 


The most likely possible explanation of the remaining discrepancy appears to 
be that the unit of measurement in the learning scale is different from that in 
the extinction scale Since the unit of these scales is ba c ed on the variability in 
performance of the group of organisms used as subjects , there is excellent 
reason to expect that the unit itself will vary in magnitude between situations 
in which there is different variability among the subjects It is quite possible, 
therefore, that this unit could vary from one situation to another and especially 
from one type of behavioral process (learning) to another (extinction) 

It would be difficult to formulate a more definite admission of the failure 
of the entire quantificational method 

Aside from the deficiencies in the evidence on which X D is based, it 
is of interest to note that the use of the new technique of postulate 
construction in part D of this postulate, but not m preceding parts, con- 
fers a peculiar "methodologically mixed” status on the entire assumption 
Part B, which asserts that I R 1 spontaneously dissipates” according to 
a decay function is based on the same unsealed data (12) as was the 
original counterpart of this assumption in 1943 Thus, within the same 
postulate, Hull is at different points perpetuating his earlier practice of 
directly attributing the characteristics of what we have called empirical 
functions to intervening variable functions, and trying to avoid this 
The second change in function form has to do with the relationship 
between TV (work) and 1 R In 1943, it was simply assumed (on the basis 


m a factor which Hull for some reason does not take into account is the terj 
r „ R i oossibility that extinction to a five-minute criterion of failure to re-pond docs 
not result m complete extinction We are not o/ cour-e suggesting that the study 
would have been placed on firmer ground if Hull had considered this possibility 
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of the Mowrer-Jones study) that the “amount of net inhibition 
generated by a sequence of reaction evocations is a positively ac- 
celerated increasing function of the work involved in the execution 
of the response” (56, p 300) Now it is assumed (75, p 84) that 

For a constant value of n [total number of reactions required to produce 
extinction], the inhibitory potential generated by the total massed ex- 
tinction of reaction potentials set up by massed practice begins as a positively 
accelerated increasing function of the work involved m operating the 
manipulandum, which gradually changes to a negative acceleration at around 
80 grams, finally becoming asymptotic at around 110 grams (brackets mine) 

The above is the substance of corollary ix Although the marked in- 
crease in the “localism” of the formulation may suggest a corresponding 
increase of empirical cautiousness on Hull's part, the very indirect route 
by which this assumption is derived shows that this is not entirely the 
case Let us retrace this route briefly 
The new inhibitory postulate no longer contains a direct linkage of 
W to 1r Rather, part E of X links W to n for cases such that the “values 
of superthreshold reaction potential” are constant It is assumed, in 
accordance with an altered form of the equation originally fitted to the 
Mowrer-Jones data, that (75, p 81) n is a “linear decreasing function 
of the magnitude of the work involved in operating the manipu- 
landa, l e , 

n = A (a - bW) ” 

The next step is to seek the law for n as a function of superthreshold 
reaction potential ( B E R ) This is done by turning to the much exploited 
Perm-Williams (103) data, choosing five of the groups of that experi- 
ment which had been extinguished under the same conditions but after 
receiving differing numbers of reinforcements during training, and com- 
puting “reaction potentials from these five N ’ s together with an N 
of zero, which represents an approximation to the reaction threshold 
or zero ft” (75, p 81) 58 An equation is now fitted to these B E R ’s as a 
function of the obtained n (the total number of extinction responses) 
The resulting growth expression is then transformed into an equation for 
n as a function of B ^ R , to wit (equation 34, 75, p 81) 

n = —87 7 log (1 — 25 B E R ) 

Now, the altered Mowrer-Jones equation, as adapted to the conditions 
of the Perm experiment in which a 15-gram pressure was required to 
activate the bar, is (equation 33, 75, p 81) 


n = 325 (1 1476 - 00984 TF) 

*? ,d hov> thes e reaction potentials -were computed Since the 
/,T n V, l ?. them 13 ^Presented in terms of B E R rather than e E * the imphca 

JV Viuced^ baSIC equatlon of tbe calibration study for B E* as a function of 
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It is assumed that the value of the n in equation 34 “corresponds approxi- 
mately” to the “325” m equation 33 The two equations are therefore 
combined into a single one (equation 35, 75, p 82) which expresses n ns 
a joint function of S E R and W It is assumed by definition, however, that 
superthreshold reaction potential ( S E K ) is equivalent to the amount of 
superthreshold net inhibitory potential ( I K ) required to neutralize it Thus 
we can substitute I B for rEr in equation 35, and we come out with (equa- 
tion 36, 75, p 82) 

n = [-87 7 log (1 - 25 /*)] (1 1476 - 00984 IF) 

The mission of linking n and IF to Jr is now, m some sense, accomplished 
The relation of Ir as dependent on IF, for a constant n, is calculated by 
arbitrarily setting n at 30, and then solving equation 36 for a senes of IF 
values (ranging from 0 to 100 grams) The resulting Ir values are plotted 
as a function of IF (m grams), and the substance of corollaiy lx becomes a 
paraphrase of the characteristics of the plotted "theoretical” curve " In 
this way is the function relating inhibition and IF asserted in postulate 8 
of Pr B revised in the new theory 

Further comment on this "derivation” of corollary lx (or x, for that 
matter) is hardly necessary In this instance, not only do we find a loose- 
ness m the use of empirical materials characteristic of the new theory, 
but the "deduction” hinges on combining into a single equation sets of 
indirectly calculated values based on two entirely unrelated studies Wo 
must add to this that the calculation of certain of these values (the 
reaction potentials computed for the Pcrin-AViIhams data) presupposes 
the details of a third study (the “calibration experiment,” 13) 
performed under a still different set of conditions 


3 The Stimulus Trace Assumptions 

There is evidence in Essentials of a far reaching sot of changes in the 
treatment of the “stimulus trace" and “afferent impure” concepts, al- 
though precisely what these changes arc is \cry difficult to infer from 
the presentation 

It will be recalled that postulate 1 of PrD (p 47) links the independ- 
ent r unable S ("stimulus energy”) to the initial intervening variable of 
tho theory s, which is described as "an afferent neural impulse 
propagated along connected fibrous branches of nerve cells in the general 
direction of the effector organs, via the brain ” The postulated character 
of the relationship between 5 and s is, in part, n paraphosc of more or 
less standard neurophysiological findings It is n«umcd that 'Duong 
the continued action” of S, the s, “after a short latcnev, n«cs quickly to 

-CoroTlnrv X Which has alrevdj been referred lo o ntatirs I. Mr l n for • 
conXIt "due of W is ftL«o of cour*- “demrd ly witotilutmg appro* rwt<- 
in equation 50 
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toT^c PUl f W f r m tie r ept0r seems t0 ™“* > fs “axmillm sooner 
to moLT SPO f d “ E f 0 1 UnP “ 1 ^ M appears t0 do 60 0ur Pledge of 
d7ffi,X afferen ‘ ™ PUlse ,s essenh3ll y “*rect Tins naturally produces great 
““cmty in our determination of its quantitative characteristics, and at the 
sme time fays us open to special danger of making errors m so doing (75, pp 


This is the only explication of s’ to be found in the new postulate sets 
Clearly, the “great difficulty'’ encountered in the determination of the 
quantitative properties of the molar stimulus trace is paralleled by an 
even greater difficulty m specifying its qualitative characteristics No- 
where m Hull’s earlier work is there a more dramatic example of the 
tendency to employ concepts which straddle physiology and behavior 
theory in a systematically ambiguous way 
Whatever the nature of this molar stimulus trace, it is evident that its 
molarity” derives, at least m part, from the fact that Hull proposes 
to infer its properties from the behavioral facts of trace and delayed 
conditioning, rather than those ot receptor-nerve fiber function Indeed 
(p 8) , “it will be more convenient to deal with the intensities of these 
molar afferent impulses in the form of their equivalent functional stimu- 
lus intensities” (S') The construction of postulate II concerning the 
stimulus trace (s'), therefore, becomes a search for the law relating 
equivalent functional stimulus intensities (S') of the molar stimulus trace 
and the time (<) since the beginning of the stimulus 

In Pr B , when confronted with a similar problem in connection with 
the construction of the asyachromsm relations, Hull had turned to the 


delayed conditioning study of Kappauf and Schlosbcrg (82), and the trace 
conditioning work of Wolfie (143) In the interim, two new experiments 
had become avadable, the trace conditioning study of Reynolds (107), 
and one on delayed conditioning by Kimble (83) Both studies employed 
a conditioned eye blink technique, Reynolds’ trace data giving detemunn- 
tions for four intervals after an 050" auditory stimulus, ranging from 250 ' 
to 2 25”, and Kimble’s delay data giving six vnlucs, for durations of a 
continuous visual C S , ranging from 100" to 400" Noting (75, p 8) that 
much “evidence indicates that molar stimulus traces have a brief 
recruitment phase (S', s'), "and a “protracted subsident phase (S , s' ), 

and observing that (p 8) "there docs not appear to be much difference 
betn een the molar after effects of a continuous stimulus and a i on 

brief stimulus,” Hull feels justified m combining t ic<c data in seeking 
postulate II According!} , the following steps ™ **J‘ cn 

1) Reaction potential values are ealeu ated for the ob nined ropon-e 
a , annus internals for (he two seta of data The tech 

srsxs: r™ “■ ■; 

given in two "memoranda” (73, 74) under dates of February , an I 
March 0, 1050, on the quantification of the stimulus trace There it may 
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be seen that the method employed must have an entirely different signifi- 
cance than the latency techniques already described 

2) From the calculated reaction potential values, approximations of 
the equivalent S ” s were derived In Essentials, there is no indication of 
how this is done The memoranda just cited show that the procedure 
involves a conversion of each b$r value into V values by an arbitrary 
series of “solutions” of the equation on the constitution of b Er (postulate 
IX) These V values are then substituted in the very fanciful equation 
for V as a function of stimulus intensity, which had been fitted to the 
Cattell data (equation 10, 75, p 44), and the equation is solved for S 

3) Equations are now fitted to the calculated S' values, the values 
from Kimble’s experiment being regarded as corresponding to the recruit- 
ment phase of s', and those from Reynolds’ experiment as corresponding 
to the subsident phase of the trace 

These latter equations, both of which turn out to represent S' as power 
functions of time, comprise the substance of parts A and B, postulate II 
(75, p 11) A final part of postulate II (C) assumes (on undisclosed 
grounds, but presumably m accordance with equation 10 for V - ) that the 
“intensity of the molar stimulus trace (s') is a logarithmic function of 
the molar stimulus equivalent of the trace” (S') 

It is evident from the preceding account, that Hull’s exposition is 
such as to render evaluation of the significance of the changes in the 
trace assumptions exceedingly difficult Nevertheless, at least the follow- 
ing points seem warranted 

In 1943, the intention was to derive the properties of the stimulus trace 
from the characteristics of the afferent impulse (s) as such However, 
postulate 1, which implicitly defines s for the theory, and thus presumably 
the trace, is supplemented by the asynchromsm assumptions m the law 
of reinforcement These latter assumptions link the temporal relations 
between S and R (not $ and r) to &Hr (according to a “negative growth 
function” for both the “brief duration” and the “continuous” case) , and 
in effect it is these assumptions which mediate most of the “derivations” 
withm the theory of Pr B involving “quantitative” characteristics of 
the stimulus trace 

As always, the basis Iot the changes in 1950, seems to be the new 
quantitative techniques Hull is, of course, no longer prepared to make 
inferences from any data other than performance-based b Er indicators, 
thus the attempt to treat the trace in terms of the afferent impulse ($) 
as such, must go More importantly, the new quantification has led to 
a redistribution of variables such that B H R (in the guise of b Hr) is a 
function of and B E R a function, among other things, of V 2 A place 
must therefore be found withm the new theory to carry the systematic 
burden of the former asynchromsm assumptions, l e , to deal within the 
neu t leory uith cases such that the V t or the V 2 at the time of response 
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corresponds not to the objective stimulus intensity, 00 but to the after- 
effect of a stimulus which has ceased, or the functional effects of a given 
duration of continuous stimulation Postulate II is therefore constructed 
in accordance with the new methods, to fill this requirement 
In general, though, the confused treatment of the trace in 1943, gives 
way to an even more confusing one in 1951 In PrB the intention to 
build up all theoretical relationships m terms of s, never gets very far, 
the postulational statements shifting indifferently from s to S Neverthe.' 
less, what gets directly reinforced is clearly identified (at least initially) 
as s In the new theory (p 7), there "is reason to believe that s may not 
directly become reinforced to responses, but does so indirectly through 
some additional molar process” — the molar stimulus trace (s') Postulate 
II of Essentials, therefore, introduces s' (and S') and defines its charac- 
teristics But no other -postulate in the present theory is stated in terms 
of s' or S' The very next postulate, for instance (postulate III, p 20), 
which defines the conditions of reinforcement, identifies s as what directly 
becomes reinforced” to response And similarly all other postulates are 
formulated in terms of S or s, never S' or s' Furthermore, the tendency 
for formulations to fluctuate indifferently as between S and s is as con- 
spicuous m the new theory as m the old Thus, the two-pronged ambiguity 
of the former theory is supplanted by a three-pronged ambiguity m the 
current one 


4. The Problem of Constants in Behavior Laws 

As noted in the analysis of Hull's earlier w ork, Hull had given little 
consideration to the significance of the empirical constants which ap- 
peared in many of the quantitative behavior principles he put forward 
This was a serious omission because, -without some assessment of the 
range of conditions over which these constants can be expected to hold, 
it is impossible to evaluate the potential fruitfulness of Hull’s technique 
of theory construction, m any of its several variants 

To be sure in PrB Hull had assiduously molded the insertion of 
values for the’ empirical constants in the formal statement of postulates, 
but certain of the "derivations” of corollaries in that n orb seem to pro- 
suppose such parameters In the new thcoiy, a similar situation prevails 
But, in the new theory, groat pains hue been taken to determine critical 
constants in terms of the non qunnt./icntional procedure and he re- 
sulting values play an essential role no onh in the derivation o core!- 
lanes but even in the indirect construe .on of certain of the postulates 
Towards the close of Essentials, Hull breaks Ins silence on the question 
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of constants for the first time in any systematic context 61 His position 

(p 116) is surprisingly conservative, to say the least 

It is important to observe that the "constant” values in the equations 
expressing natural laws are not necessarily constant Similarly, but much 
more markedly, the "constants” appearing in the laws of molar behavior are not 
constant Presumably if a group of organisms strictly comparable in all other 
respects to those from which this equation =1 — 10 0305 was secured 
were tested on the same behavior form, a value within the sampling range of 
0305 would be again secured But if older or younger or diseased organisms 
were used, or if a different genetic strain or a different species, and particularly 
if single individuals were used, presumably rather different exponential values 
would result (ital and brackets mine) 

Hull had previously (59) indicated the intention to deal with "innate 
individual and species differences” m terms of differing values of the 
constants in behavior equations In the above passage, however, the 
range of the factors expected to produce variability in these parameters 
has been enlarged There may be a certain ambiguity in the phrase 
“same behavior form,” but it is an ambiguity which seems studied, be- 
cause it leaves open the possibility that the “constants” may be specific 
to extremely “local” characteristics of the habit mechanisms being dealt 
with Indeed, it leaves open the possibility that a constant deriving from 
data based on the “behavior form” of pushing a mampulandum l/16th 
of an inch to the left is a constant containing predictive implications 
unique to that particular activity 

In accordance with such considerations, Hull introduces postulate 
XVIII (75, p 117) into the new theory It is worthy of quotation in full 


The “constant numerical values appearing in equations representing primary 
molar behavioral laws vary from species to species from individual to individual, 
and from some physiological states to others in the same individual at different 
times, all quite apart from the factor of behavioral oscillation ( s O*) 


When we add to this blank-form postulate, the possibility that the 
“primary molar behavior laws” in question may hold only for a narrowly 
delimited behavior form,” an immense restriction seems imposed on the 
theory Even if every other postulate had a probability approaching 
unity, the theory could mediate only a very limited range of predictions 
The restrictions conferred by postulate XVIII, and related consider- 
ations, on the 1949-1951 postulate set, may constitute an honest recog- 
nition of the primitive status of the theory Such restrictions may indeed 
have to be imposed on any quantitative behavior formulations attempted 
in the present phase of psychology Nevertheless, these reservations can 
hardly increase confidence m the fertility of the specific quantitative 
function s that Hull has advanced, and the techniques on which these 


" The matter had been considered with regard to the 
and species differences in a 1945 article (59) 


question of innate individual 
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functions are based Moreover, with such reservations now explicitly 
within the theory, the question of whether Hull’s theory is of unlimited 
or any wide degree of generality, becomes no longer a matter of mterpre- 
tation 


In concluding this section, it may be said with confidence that with 
respect to most of the issues considered — secondary reinforcement and 
secondary motivation , the analysis of inhibition, the stimulus trace no- 
tion there has been no evidence of constructive advance since 1943 In 
one ca«e—the problem of “constants ” — there has perhaps been an advance 
m the sense of a more determinate specification of the restrictedness of 
the theory Extensive changes there have been, but most of these, like 
the many alterations previously discussed, have been enforced by the 
relentless demands of an infeasible and prematurely over-elaborated 
quantificational methodology 

Other important Hullian hypotheses, such as “stimulus generalization ’ 
and “afferent interaction” have been altered, but much Jess radically than 
those chosen for discussion In these cases, too, the changes have been 
imposed by the consequences of the new methodology There is little 
evidence that any of the changes m the new theory have been motivated 
by a careful assessment of theoretical or empirical plausibility, other 
than conformity with the new quantificational commitments 


D CONCLUDING CONSIDERATIONS 

We have seen in the foregoing that the 1949 1951 postulate sets define 
a radically new theory This theory is genetically related to the old in 
terms of underlying onentative attitudes and the general identifications 
of variables, but it differs in the relational and ‘ quantitative” linkages 
interconnecting virtually every theoretical variable Certain new varia- 
bles, both independent (eg, stimulus intensity) and intervening (eg, 
s', sBk, V, J, K), have made an appearance Certain of the former, 1943 
variables (e g , t ", p) have been dropped, and some have been sub-speci- 
fied (eg, the acretion to N of N and N) . , 

Thus, the implicit or postulational definition of almost every construct 
in the theory has changed Many of the explicit definitions insofar as 
they are given or are inferable from use, have been altered Similarly, a 
large proportion of the operational or empirical definitions, so far as 

they exist, are either modified or completely new 

We have seen that among the most fundamental altered characteristics 


of this new theory are , , , , , 

1 ) An attenuation of the reinforcement principle to such on extent 
that its consequences are, in effect, indistinguishable from an association 
hv continuity assumption Corollary to this is the far-reaching redcfi- 
nftion of the conditions of habit-acquisition („H X ) and those of habit- 
functioning (eE*. e£e, etc ) 
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2) A conspicuous , but uneven, increase in what has been termed “lo- 
calism” of the theory language, to an extent that makes it difficult to 
assess the intended and actual range of application of the theory 

3) Most fundamental of all, a new technique of postulate construction 
which is based, m turn, on a program for achieving the “ genuine ” quanti- 
fication of major intervening variables 

We have seen that it is ultimately this new quantificational program 
which has enforced the major changes The magnitude of the alterations 
made in the short interval between the publication of Pr B and the new 
theory creates the initial impression of an hypothetico -deductive system 
giving way, generously and constructively, to empirical evidence In 
reality, the system has responded to a demonstrably infeasible technique 
for achieving the quantification of behavioral laws So rigidly are the 
demands of this quantificational program followed that major changes 
and innovations are often introduced into the theory without regard to 
their empirical plausibility or deductive consequences 

In this examination of the new theory, we have pursued the contextual 
analysis of written scientific materials, the sentences that define Hull’s 
theory But under certain circumstances, the results of contextual analy- 
sis must force analysis outside of its immediate linguistic context The 
inadequacies of Hull’s terminal formulations, and the technique of theory 
construction on which they are based, are so comprehensive and patent 
that one is forced to look for an explanation 

Much evidence has been cited throughout the present report which 
entitles us to conclude that Hull’s dominant orientative attitude from 
the inception of his theoretical program was the desire to achieve “truly” 
quantitative behavior laws The new quantificational program is no acci- 
dent, it is the culmination of the entire trend of Hull’s theoretical work 
from the period of the earliest systematic articles through the verbal 
miniatures systems, the elaborate rote learning theory, and Pr B What 
was an accident, in the literal scholastic sense of the term, was the fact 
that Hull was driven by illness during the final years of his life to prose- 
cute this program at a rate and m a manner which was entirely in- 
judicious 

Extrapolating from Hull’s earlier work, there is much to suggest that 
under ordinary circumstances the tendency to proceed with almost com- 
plete disregard for theoretical and empirical plausibility, to leap to 
sweeping generalizations from a minute induction basis, to remain under 
the total domination of a quantificational program which had hardly 
begun, would not have been so strongly m evidence Alterations of basic 
assumptions would at least have been made in a more conservative and 
considered way, the quantificational program would have been supple- 
mented with a wider range of perhaps more careful experimental work 
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NemrtheUss, the trend of the present analysis has been to indicate that 
““ ° ! th f tendencies evident in the new theory were presaged in the 

eory of PrB , and in Hull’s earlier work generally The new theory is 
not Hull at his best or m his most finished form, but its major deficien- 
cies can be traced to Hull’s long-range theoretical aims, onentative atti- 
tudes and methods 

Side by side with the evidence of domination by these aims, however, 
there are evidences of another sort There are strong indications that m 
the final phase of his career Hull was arriving at an honest recognition 
of the prematurity of certain of his theoretical objectives We have had 
occasion to note many examples of a heightened tentativeness, a stronger 
recognition of programmaticity, an increased willingness to admit diffi- 
culties and limitations, in Hull’s recent publications The articles of the 
quantification sequence are replete with reservations and qualifications 
Indeed, we have seen that at one place (141, pp 198-199) Hull so much 
as admitted the failure of the new quantificational methodology Another 
case in point is the new postulate XVIII on “individual differences " 
Perhaps the most forceful indication of a change in Hull’s conception 
of the limits on the theoretically feasible m present psychology comes 
from an aspect of the new theory which at first may seem puzzling This 
is the frequent occurrence of the highly specific expressions and "situa- 
tional” references in presumably general behavior postulates, which we 
have designated “ localisms ” of the theory language Such compromise 
formulations are precisely what one would expect from a theorist who 
has perceived the prematurity of attempts at comprehensive theories of 
behavior, yet whose entire career has been premi c cd on that objective 
Whatever the degree of retrenchment m Hull’s final estimate of the 
feasibility of comprehensive or highly quantified theory, there are 
evidences of great insecurity with regard to the most fundamental as- 
sumptions of the 1949-1951 theory One of the most significant phrases in 
all of Essentials is inconspicuously embedded m the verbal formulation of 
postulate IX, the basic law of the constitution of reaction potential \\c 
italicize this phrase in the following quotation of the law (75, p 59) 
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This equation assumes that D, V , K, and J remain constant during learning 
and response evocation It is not general enough to cover cases where changes 
are made in these factors during the experiment 

Examination of the nearly identical postulate set of 1950 (70) , mil show 
that neither the qualifying phrase, nor the footnote, appeared m the 
theory at that time 

These changes, as between 1950 and 1951, impose so great a restriction 
upon the theory as virtually to legislate it out of existence If the theory 
cannot mediate predictions for any situations m which either the stimulus 
intensity conditions (thus y), or the drive conditions (thus D), or the 
incentive magnitude conditions (thus K) , or the delay of reward condi- 
tions (thus J) vary, then for what sets of conditions can it mediate pre- 
dictions ? The theory would be limited to predicting the form of a stand- 
ard learning curve 

What this qualification seems to mean is that Hull was prepared to 
reject the new gE n assumption, was sorry that he ever made it It is en- 
tirely possible that the assumption was introduced into the theory before 
any attempt was made to calculate its consequences for changes m D , or 
7, or K , or J It may or may not be significant that Seward (110) had 
pointed in 1950 to the altered potentialities, given the theory by this 
assumption, to mediate “latent learning" phenomena, and Spence (129) 
had raised questions about the altered consequences for such conditions 
as changes in J, early in 1951, before this footnote appeared in Essentials 
That Hull was nostalgic about the state of affairs represented by Pr B 
seems confirmed by the following note which appears at the end of 
Essentials (p 122) 

AN EARLIER ACCOUNT OF THE CONSTITUTION 
OF REACTION POTENTIAL 

The original published account of the constitution of reaction potential [here 
there appears a reference to Pr£ p 178 equation 16] -was not clear owing 
partly to the expository difficulty of treating B E R as distinguished from B H B 
before the principle of primary motivation had been presented In current 
symbolism the B H R of the original equation #16 should be changed to b Er, 
and the M, to D The present account agrees in the general multiplicative re 
lationship assumed at that time It has one new factor (V) and omits one factor 
that of the temporal asynchromsm of the conditioned to the unconditioned 
stimulus m conditioned reaction formation (Brackets mine ) 

On the surface, this note seems to be trying to justify the theory of Pr B 
by purportedly showing that it had foreshadowed the new B E R postulate 
We are inclined to believe it more likely that Hull was trying to gam 
reassurance about this new postulate by establishing some kind of con- 
tinuity with the theory of Pr B 
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Part III. General Conclusions 

A. TREND OF THE PRESENT ANALYSIS 
In the preceding part of this report, we have done what may be con- 
strued as a nasty thing. We have proceeded on a literal interpretation of 
some such proposition as: "Hull has put forward a hypothetico-deductive 
theory of behavior/' It can be fairly maintained, when a twentieth- 
century psychologist claims he has a “general” theory of behavior, or 
when someone claims this of the theory, that the word “general” is 
necessarily meant with reservation and that “theory” is a metaphor. 
Indeed, much evidence may be found, in the writings of a theorist like 
Hull, to support the contention that he was cognizant of programmatic- 
lty, evidence which we have not suppressed. In the present state of our 
ignorance, no one can seriously believe that a comprehensive, quantita- 
tive, hypothetico-deductive theory of behavior is possible. Yet, in the 
present state of our ignorance, many people want to believe this. 

The present analysis has gone on the assumption that there is a certain 
utility in exploring the dimensions of a metaphor. It is one thing to de- 
tect the presence of a metaphor; quite another to derive its meaning. We 
must determine to what extent the more ambitious theories of the recent 
past are metaphors, in what specific senses they are metaphors, and why 
they are metaphors, if we are to derive from them whatever instruction 
they contain for the future of psychology. 

Unfortunately, the only way to measure the “dimensions” of the meta- 
phor is to proceed from a literal interpretation of what the metaphor 
asserts. Accordingly, our analysis of Hull's formulations has measured 
them against the literal criteria of hypothetico-deductive and quantita- 
tive method, and against a literal interpretation of Hull’s stated objec- 
tives. 

We have raised, in some form, most of the types of questions that can 
be asked in characterizing the status of a scientific theory. We have 
inquired into the adequacy of all classes of definition of all classes of the 
theoretical variables. We have inquired into the postulated intercon- 
nections among all classes of variables. We have looked into the methods 
of postulate construction, of quantification, of derivation. We have 
examined the induction basis, and the general state of the evidence, for 
certain of the assumptions. Under close scrutiny, not a single member of a 
single class of such theoretical components satisfied the requirements for 
rigorous scientific theory of the sort envisaged within the theorist’s explicit 
objectives. More importantly, many of the detailed solutions embodied in 
the theory of major problems in the methodology of psychological theory 

(instruction e.g., the techniques employed for the “measurement” of 

independent and dependent variables, the techniques for the construction 
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of quantitative, or even qualitative function forms — proved to have little 
merit within their concrete theoretical context, however suggestive certain 
of them may be in defining the problems that behavior theorists must 
face. 

The preceding points may, perhaps, register more vividly, if we bring 
the findings of this report to bear on Hull’s explicitly stated precautions 
against theoretical indeterminacy. One of these is that intervening 
variables must be “securely anchored on both sides to observable and 
measurable conditions or events” (56, p. 22) . A related caution states the 
need for “a grim and inflexible insistence that all deductions take place 
according to the explicitly formulated rules stating the functional relation- 
ships of A to X and X to B” (56, p. 24), A and B, of course, being inde- 
pendent and dependent variables respectively, and X being the intervening 
variable or chain of such. In other words, Hull quite properly demands 
that explicit and univocal linkages interconnect independent, intervening 
and dependent variables, and that the independent and dependent 
variables be “securely anchored” to their reductive (operational) symp- 
toms. 

This report makes it fair to say that: 

(1) Secure anchorage, either in a quantitative or a qualitative sense, 
does not hold in a single case for the relations of systematic inde- 
pendent and dependent variables to their intended range of reduc- 
tive symptoms. 

(2) No given intervening variable is securely and univocally anchored 
to its relevant systematic independent and/or dependent vari- 
ables, either quantitatively or qualitatively. 

(3) No given intervening variable is related to any other intervening 
variable in the chain with sufficient determinacy to permit quanti- 
tative passage from one to the other, 02 nor are certain of the 
variables, and the relations connecting them, defined with sufficient 
precision to permit “qualitative” passage. 

In general, any “grim and inflexible insistence that all deductions take 
place according to the explicitly formulated rules stating the relations 
of A to X and X to B,” must, for any A in the theory , be thwarted at 
precisely that point. 

This analysis has not been intended to destroy Hull’s reputation, or 
minimize his very great contributions. It has seemed a necessary job be- 
cause of the paramount importance of making explicit the limits within 
which it is feasible to aim for theory in the current phase of psychology. 
The belief that Hull’s theory-right or wrong— is a realized (or approxi- 

tr ™l possible exception to this statement would be such purely definitional, 
arithmetic linkages as: 

•Em ~ mEm ~ I*. 
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mately realized) wide-scope, li) pothetico-deductive system is a belief 
that such an objective is currently feasible, and the belief that such an 
objective is currently feasible can well block what chances we have of 
moving towards adequate theoretical formulations of behavior 
The cumbrous detail of this analytic study would hardly be justified, 
if the intention were merely to establish the thesis that Hull had not 
realized his theoretical objectives We have gone on the assumption that 
an essay towards theory so ambitious and influential as Hull s might 
provide a strategic vehicle for the exhibition, m a concrete context, of a 
wide range of methodological problems which stand between the desire 
for theory and its achievement That Hull fell short of theory is no 
particularly instructive, that Hull fell short of theory in sue -an sue 
specific ways could well be as instructive as anything that our genera ion 
needs to learn No recent theoretical formulation can be more ins 
in this sense than Hull’s, because none has been modeled on s P 
and, m some ways, sophisticated a conception o ^comparably 

competing formulation been pressed towards its go 

detailed and ambitious way , n „ f or 

In this report, we have 

Hull’s inevitable failures, as he _ faced th ^ hc aimed 

theory We have tried to show that bf ^d^ emp] " cn , knowk dge is 
at comprehensive theory, or beca lmate J attempts We have 

too painfully slim to justify even adequately meet concrete 

tried to show that he failed because i he dnlnot adequa 

problems of empirical de^mfioih and vanous B „b specifications 

intervening variable function problems because no one else had 

of all of these He could not mee ■- this ls the case because such 
met them, or currently can meet est definition, while anything 

problems have as yet received o y ^ of aght Nor can these prob- 
approaching useful resolution is s ^ over simplifying proposal like 

lems be legislated out of exis en , to narro w scope theory Such a 
the demand that we restrict ou ^ ^ as lt g0C s But it must be 
proposal may be eminently r > problems in the methodology of 

recognized that all major unre solved for "theories’’ of all sizes, the 
behavior theory remain eqm a y at]ca!Iy sca le down to the scope of 

scope of such problems does nor 

the theorist’s intentions .™ Tn Trr,nv<; 

B HULL’S CONTRIBUTIONS 

„ ficId has already been profound His future 
Hull’s influence on ‘ be Ie5S direc t tha n he might hare w idled, 

influence, while it VIP far _ reach , nE How salutaiy this influence will 

can be expected to tbe futurc docs with his formulations, than on 

be depends more o « h this repor t has plainl} not dwelled on 

the formulations per sc 
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Hull’s positive contributions, there has been allusion to many of them at 
various places. It is fitting that we here recapitulate, and more generally 
state, what we believe to be Hull’s major contributions. At the same 
time, we may hint at the general directions within which they may best 
be exploited in the future development of the science. 

I. Impact on Theoretical Practice and Attitudes Towards Theory 
It is fashionable to regard Hull’s missionary zeal in holding before 
psycholog}'' the procedural model of high order, natural science theory as 
having had a highly beneficial impact on the field. There seems every 
reason to believe that the net effect of Hull’s continuous educational 
efforts with respect to such matters as hypothetico-deductive procedure 
has been salutary. Any tendency among psychological theorists to confuse 
the methods and values of science with the methods and values of litera- 
ture, has certainly been curtailed as a result of Hull’s effort. Yet, one 
must be careful to distinguish the senses in which Hull’s methodological 
manifesto to the future is usable, and the senses in which it is not. The 
entire present report may be regarded as an essay towards this task. 

Recent history does not easily fall into perspective, but it must be 
Temembered that when Hull began his theory, the dominant temper of 
theoretical psychology was still philosophical, belletristic and casual. 
During the immediately preceding decades, there had been a steady and 
rapid advance in those disciplines which converge on the study of scientific 
method — c.g., philosophy of science, foundations of mathematics, symbolic 
lope, semantics, linguistics, foundations of physics, etc. The codification 
of the resulting findings by logical empiricists, and other methodologists 
of science, led to a more coherent account of the nature of scientific theory 
than had before been available. Hull was one of the first psychological 
theorists to import these insights into our field, and to attempt their 
implementation. 

That Hull held up to psychology such values as those associated with 
careful axiomatic procedure was, and will remain, of the first importance. 
But his significance is lost, if we do not appreciate him as a transitional 
figure. Hull’s attempt to implement these values of rigorous systematic 
procedure could not but fail to be contaminated by certain residual values 
deriving from the literary, “system-building” tradition to which he re- 
acted. Not the least of these was the assumption that “theory” has no 
boundaries smaller than the entire science; this, after all, is characteristic 
of the grandiosity and diffusencss of purpose traditional to the “philo- 
sophical” system builder. 

There is another sense in which Hull’s significance is transitional. The 
very model of scientific theory which he emulated was itself a transitional 
model. It was based mainly on the characteristics of only a few of the 
systematic formulations in the single science of physics, and even these 
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were criterion achievements like Newtonian mechanics and relativity 
theory It has become increasingly apparent that the extent to which other 
systematic formulations in science may be expected to conform to such a 
model, or even approximate any specified subset of its properties, is an 
open question, requiring patient and imaginative exploration in each case 
Hull’s trend was to prejudge such questions Does the model demand 
postulational form, wide empirical generality, quantitative specificity , etc ? 
“Good,” says Hull, in effect, “I will give you a behavior theory with 
precisely these properties ” Nothing could have more forcefully established 
the need for re-examining the representativeness of the model, an its 
detailed applicability to psychology, than the very shortcomings of the 
resulting attempt 


2 Recognition of Complexity 

Hull’s impact on the field will by no means be restricted to the ’ sensitiza 
turn Of psychologists to matters of theoretical methodology No -only nil 
many concrete components of h.s formulations have contmumg vake but 
certain of his orienting attitudes, and certain ^^res of 'e fi >- C and 
direction of his thinking arc worthy of ^chauor 

the latter is his respect for the phenomena comp this report) 

In the discussion of a to assume intellectual respons. 

we saw that it was Hulls firm in t f ear]ler behaviorism 

bihty for developing the settmg himself an im- 

into detailed explanatory theory ’ tlon to bring this goal more 

possible goal But he *££**?£' omplex,^ and^uhtlct.es 
easily within reach by closing ^ theorist *ho made a dedicated at- 
of behavior Hull was the first S-B ! them* ^ ^ 

tempt to avoid cutting do ™ P ™ the attempt to do justice to complex 
As we have seen, from isua . stressed by other groups 

facts of behavior, and to empincal Ph "attempt, Hull shoved ro- 
of theorists, was impressive ' Jo thc CJitcnt of significantly de- 

markable theoretical flexibility, 8 9, his report) Altliougli 

parting from a ‘pure S-RP , ntr oduccd m the efiort to make the 
certain of the conceptual clem , rnI phenomena previously neglected 
theory applicable to comp ' ,, ntcrac tion,”s,r) were perhaps not entirely 
by S-R theorists (e g , ncu w mth «uch complex problems m 

successful, it was m the ^,,“1 Reasoning and the role of "guiding 

behavioral^ dynamics ^as^J^ ^ of lns roost valuable hi pothers 
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would argue — least of all the author of the present report — that any of 
the postulate sets that Hull left behind can be retained in any form sub- 
stantially resembling its initial formulation. There is still, however, a 
widespread belief that if Hull’s theory will not survive in substantially 
unaltered form, there are good prospects for working towards a more 
adequate theory within the “Hullian framework.” It has not been an 
explicit intention of this analysis to pre-judge the prospects for Hullian 
revisionism or “neo-Hullian” formulations. It is desirable that the several 
extant attempts in this direction be pressed as far forward as they can, 
and that they be evaluated in their own right, rather than in terms of 
their genetic antecedents. But the results of the present analysis do point 
up the need for emphasizing the semantic trickiness of such phrases as 
“the Hullian framework.” In Part I, we were forced to consider the 
radical possibility that no single postulate, or group of postulates, of Pr.B. 
can be considered as containing empirically testable core assumptions, on 
which some integrated framework of theory depends. If such a statement 
has even modest plausibility for the theory of Pr.B., it must have over- 
whelming cogency for the theory of Essentials. 

To imply that the behavioral theory of the future may not be an 
elaboration of the Hullian postulates, or even written within the Hullian 
idiom, is not to suggest that Hull’s formulations do not contain many 
specific hypotheses which either have proved or will prove sufficiently 
fruitful to survive in one form or another. It will require much future 
effort on the part of many workers to isolate all of the valuable explana- 
tory hypotheses, or ideas towards hypotheses, embedded in the massive 
bulk of Hull’s formulations, to test them, restate or further specify them 
in a maximally effective way, and more fully explore their consequences. 
Among the potentially most useful items in Hull’s bequest to the future 
are the many ingenious “peripheral” mechanisms which were elaborated, 
in the first instance, in his earlier theoretical articles. These we have 
referred to as “pre-theoretical" hypotheses, in the sense that they were 
stated and explored in a relatively informal way, and also that their 
validity seems largely independent of the truth value of the specific 
postulates put forward in any of Hull’s sustained theoretical formula- 
tions. Included in this group would be such mechanisms as: 

(1) The proprioceptive stimulus ($), and its role in sequential and 
internally maintained behavior (c.g., 29, 30, 51, 65, GG, 78) . 

(2) The functional potentialities of the “stimulus trace as a condi- 
tionable element in behavior situations (c.g., 39, 42, 51, 75, 78). 

(3) The mechanism of So, and its concrete roles in the dynamics of 
motivation (c.g., 29, 30, 33, 5G, 78) . 

(4) The sensitizing effects of current “drive” states on “habit” struc- 
tures (c.g., 5G). 

(j) Ji a and the associated So, and the elaboration of their theoretical 



CLARK L. HULL 165 

potentialities for the phenomena of purpose, expectation, transfer 
and reasoning (e.g., 29, 30, 32, 38, 78). 

(6) The habit family hierarchy, its role in the dynamics of trial and 
error behavior, and its potentialities for the explanation of com- 
plex transfer phenomena (e.g., 34, 35, 44). 

(7) Indirect” and “secondary ” stimulus generalization (e.g., 47, 56) . 

It is likely that concepts of this order point to factors which must ulti- 
mate y be taken into account by any theoiy of behavior, even theories 
which assign greater importance to "central” variables. 

A second class of hypotheses may be distinguished which perhaps have 
more limited chances of ultimate survival, yet which represent distinct 
contributions to the field. If some of these turn out to be blind alleys, 
Hull's excursion into them will have at least speeded the discovery that 
they lie off the true path. Conspicuously within this group are such hy- 
potheses as: the drive reduction treatment of reinforcement, the principle 
of secondary reinforcement, the principle of primary stimulus generaliza- 
tion, and a two-component analysis of “inhibition” (or extinction phe- 
nomena). We have adduced many grounds to show that none of these 
hypotheses can survive in any of the concrete formulations in which Hull 
cast them. And in the case of some, it is not easy to find an empirically 
testable interpretation which can be confidently presumed to reflect the 
intention of Hull’s theoiy. But some testable interpretation of each of 
these is possible, and in each case it is well that the resulting hypotheses 
continue to be evaluated and further refined. 

4. Useful Experiments and Impact on Experimental Practice 

Whatever the definitional inaccuracies of the independent and de- 
pendent variables discriminated by Hull’s theoiy, they are all related to 
specifiable (if not adequately specified) dimensions of variation in empiri- 
cal behavior situations. Should satisfactory theoretically neutral defini- 
tions be reconstructed for them, they w ould be seen to correspond to 
manipulate and observable features of behavior situations whose causal 
inter-relations it would be useful to explore m the approach to any sys- 
tematic formulation of behavior. As a matter of fact, most, if not all, of 
Hull’s empirical variables (e.g., number of rewarded practice trials, time 
relations between CS and US, “similarity’ between training and tests, 
hours of hunger, etc., on the independent variable side; probability, 
latency, amplitude, resistance t< 


side) had already been 
situations, by previous 


to extinction, on the dependent variable 
.. discriminated, and investigated, in a variety of 
workers. In pushing forward his ambitious, quanti- 


tatively oriented theory 
in our 


■r Hull has been responsible for a greater advance 


i.nmr!«fce of the empirical relations among such variables than 
s any o(^ worker during the past two decades. 

Despite the < 


rL ««v other worker during the past 
perhaps y theoretical intentions led to an uncritical. 
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and often autistic, systematic use of the experiments that he performed 
or stimulated, the very same intentions led, paradoxically, to a marked 
improvement in the quality of the experimental designs used m such work, 
and perhaps m the general standards of experimental craftsmanship 
Where earlier investigators were content with (say) showing a difference 
between two contrast groups with respect to a given variable, Hull’s 
quantitative intentions forced a fuller determination of the trend of the 
function To note, as we already have m the present report, that Hull's 
experimental designs were, m general, not adequate to his quantitative 
intentions, is not to say that his quantitative intentions did not have a 
favorable influence on his experimental designs 
The demands of Hull’s systematic thinking led also to the utilization of 
pre existing experimental techniques m fresh ways (eg, the use of the 
modified Skinner box and other simple trial and error situations for 
studying relationships suggested by classical CR work) , the exploration of 
novel situations (e g , speed of locomotion gradients in the straight run- 
way, the Arnold (1) apparatus for the study of reaction chains) , and the 
invention of experimental designs calculated to tease out subtle behavioral 
relationships Most impressive in this last category, was the systematic 
variation of both training and test conditions embodied in the design of 
experiments — like Penn’s — which were calculated to partial out “learning" 
and “performance" relationships 

A very large part of whatever small advance has been made in recent 
decades with respect to empirical knowledge of basic “learning" and 
motivational relationships, must be attributed to experiments conducted 
by Hull and his collaborators, or by others m the attempt to evaluate or 
extend his formulations This can be said with confidence, even though 
no one can yet delineate the resulting knowledge with precision For this, 
we must return to the experiments and determine what they say when 
theoretically neutralized 

5 The Heritage of HulVs Failures 

With this category of Hull’s contributions, we return to the theme 
oi which this report has been the interminable documentation We 
can profit by Hull’s mistakes more determinately than in the case of any 
recent theorist This is only partly because Hull aimed at greater explicit- 
ness than others, wc have seen the extent to which Hull's formal proce- 
dures camouflaged ambiguity It is mainly because of the tenacity, detail, 
often brilliance with which he translated his orienting attitudes into ac- 
tion 

Thc«c commitments towards action were determined m part by the 
beha\ionst prolegomenon towards theory, and m part by Hull’s intense 
desire to jump from an era of prolcgomenwing to an era of mature and 
rigorous theory They demanded that in content the theory be “objective," 
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"pcriphcralistic," "S-flish,” while in form it be hypotheti co-deductive, 
highly quantitative and completely general To some, these will seem 
admirable attitudes, those who dislike certain of them will at least admit 
that it was historically desirable that they be entertained in a responsible 
way No one has entertained them more responsibly — thus instructively — 
than has Hull 

If he has not “put the behavioristic house in order” (47, p 29), he has at 
’east thrown light on where it is m disorder It will remain in disorder 
until the concepts of S and R, and other independent and dependent 
variables, arc adequately defined It will remain in disorder until its 
theory langungc is put into a more satisfactory relation with its ata 
language It will remain in disorder until its explanatory concepts an 
principles arc put in order, and to put these in order if they can e 
will require much more detailed empirical knowledge about ie con i ions 
of behavior than we now have , 

If Hull has not given us a comprehensive theory, he has ad • 

of reality to our estimate of how general a theory 1 is ra 
towards If he has not given us strict hypothet, co-deductive ngor, he has 
pointed up the fact that m empmeal systems detenm Y 
sanly be limited by the f vanab lcs! but his per- 

IIc has not given us 6atlsfact0 J., ]n the Jogic of constructing m 
sistent, tortured, grappling with pro compIexlty 0 f the issues, and 

tervenmg variable functions has defined th ^ complexity 

revealed the superficiality of aa ' e P ted ”' nted and a p of us most want 
Nor has Hull given us ^“^“J^t^hips But h.s twenty years 
“genuine” quantification of beh ]0U5 effort in psychology to put 

of striving has done more th y fpr those who will read the lessons 
this enterprise on a realistic basis 

Appendix 

r Mn-rr ON “A BEHAVIOR SYSTEM” 
TERMINAL r Sys tem (78) , came into the writer’s 

Hull’s posthumous book, A B esent report It should at least be 

hands too late for consider, ate on ^ ^ come explicitly to the same 

recorded that in this work 1™ , eoretlcaI effort that has been made in 
evaluation of the trend of “ fe and the articles of the quantifies 
this report Our analysis of * that ", n the final phase of h.s career 

tion sequence led us to recogn ,t,on of the prematurity of certain 

Hull was arriving at an n > Conc luding Considerations, Part II) 
of his theoretical ° b J“ d , mp lic.t m the tone of Hull’s J9« 1951 
Such a retrenchment , cred rese rvations made in Essentials and the 

theory language, aDd in f reao tion potential At some point before 

articles on the ^“^‘‘“anusen^ for A Behavior System was sent 
February, 19 52 < wn 
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to the publisher, Hull was prepared to substitute direct statement for 

nuance The following quotations speak for themselves 

They who know the history of theoretical psychology will understand that 
the present system is merely the most recent of a series of miniature systems 
evolved by the present wnter The coming generation of scientists will it is hoped, 
present other theoretical systems, each succeeding one of a progressively more 
precise and quantitative nature (78, p 353, ital mine) 

In the following pages I have made a serious attempt to give a quantitative, 
systematic account of some of the more important forms of non social behavior 
I make no pretense of having said the last word on any of them I trust that 
the quantitative methodology employed will readily make apparent to all serious 
students the errors which presumably have eluded our scrutiny and insight , 
hidden fallacies may seriously delay the advancement of a young science (78, 
p vu, ital mine) 

All scientific systems of importance must be quantitative, quantification 
requires units and systematic quantification requires a most meticulous defini 
tion of the units in their various relationships % This will be an exacting 
task, probably extending over a very long time The small and tentative begin 
nmg made in the present system (o-) will serve mainly to call attention m a 
concrete manner to the problem 

The behavioral units employed are closely related to the matter of the 
quantitative equations representing the relation of the various behavior func 
tions, such as B H n B E n D, S I* and so on m the present system to the number 
of reinforcements (N), the length or amount of food privation ( h ), the number 
of extinction trials (n), and so on In the midst of these problems is the critical 
senes concerned with the numerical values of the constants or parameters which 
enter into these equations The history of the physical sciences indicates that 
this presumably will be accomplished by a senes of approximations, but that 
c\cn though the problem is urgent it will be a very long time before a final 
stage is readied Small' beginnings have been made m this 6y the rough postuia 
tion of tanous constants in the present system, this again, will serve mainly 
to call attention to the problem (78, p 354, ital mme) 

Stnctlj speaking the body of a scientific system consists of the mathematical 
derivations of the theorems which correspond to the empirical facts of the 
science The deductions presented in this volume are all of a relatively simple 
concrete form and are mostlj quite informal At one time a few of us worked 
out for a limited range of behavior a strict system to explore its possibilities 
t^/afftematico-Dcducfmc Theory of Rote Learning ] It is probably too early to 
do this on a large scale, though the rare persons qualified for such a task should 
before \cr> long attempt to do it at least for the field covered by the present 
volume (78 p 3, ital and bracketed insert mine) 

VTc must note that this set of postulates and corollaries differs in some rc 
spccts from nn> previous* put forward For example, the delay m reinforce- 
ment principle (J) is changed from a postulate to a major corollary (m) Also, 
where the *uOj{qticc of a principle w expressible as a provisional numerical 
equation the latter is now given as the best available approximation (78, P 4, 
ital mme) ' 

Ai an addition to the abor c excerpts, we might cr en cite the title of the 
hook in rvliich the, appear A Behavior System Contrast this ruth 
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the 1943 title, Principles oj Behavior , or the 1951 Essentials of Be- 
havior. 

A Behavior System is concerned with the application of a very slightly 
altered form of the 1951 postulates "to the deduction of the simpler 
phenomena characterizing the behavior of single organisms (78, p VII) 
Hull thus returns to the task— held more or less in abeyance m all ex- 
tended publications since 1940— of tracing out secondary consequences 
of his assumptions In the process of considering the 178 forma eore i 
cal propositions” exhibited in the volume, Hull returns to many o 
themes dealt with in the early theoretical articles T us ere are > c a 
ters containing "theorem” sequences on “Simple Tna -an r f°* . 
mg,” “Behavior and the Molar Stimulus ^ 

Goal Reactions,” "Simple Behavior Chains,” “Behavior m Relation 
Objects U Space,” "Multidirectional Learning, aj g{ 

Solving Assembly of BchaviorSepnents Th ^ BehavIor 

"Discrimination Learning, Learning ' „ 

Link” and of "Value, Valuation and B^™ rems „ ^ sent ed as folloiv- 

It is significant to note thfl t “ et a re either identical with or similar to 
ing from the present postulate , enved from markedly different 

consequences which had “ d the new volume lends dramatic support to 
versions of the theory. Indeed, P v D lanatory “mechanisms” which 

the belief that many of the sec ° n fi detaI ] 5 0 f the pnnciples 

Hull has elaborated are independent of the spec 

from which they presumably en j a ™ number of the “deduc- 

The drawing together, in one p ' ’ of 60Ur c es (plus the exhibition of 
tions” previously scattered in •' n) conveil ,ence to future analysts 

many new “derivations ) fru ,tful hypotheses and "pre-theoretical 

of Hull interested in extricating of the curiously formulated, and spe- 
ideas At the same time the us ^ denvfltl0ns already made 

ciously "quantified, 1951 P - tend further to muddy the contours of 

f r£™£^°*>° aeats oi HuI1 ’ 6 formulat,ODS 
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I. INTRODUCTION 

The present discussion of Tolman’s theory is based upon his statements 
of it as they have appeared beginning with 1932 when Purposive Be- 
havior in Animals and Men (128) was published; the most recent state- 
ment we have considered is the 1949 article: “There is more than one 
kind of learning” (151). We have not included in our bibliography or in 
our discussion Tolman’s more recent views on the conceptualization of 
social behavior; neither have we considered the several constructive com- 
mentaries and interpretations authored by others, such as White (185). 
Our reasons for not treating Tolman’s most recent writings stem in part 
from our understanding that he is currently engaged, with Postman, ,n a 
major restatement of his views. We are speaking in this section, then, of 
Tolman as he has been understood for the past twenty years. Whether 
our criticisms will still be up-to-date after publication of his new book 
depends upon whether he proposes a conceptually new statement or a 
restatement of the present concepts with greater felicity of expression, 

and remains to be seen. ...... 

Our aim has been two-fold: first, to display and critically examine 
Tolman-S system as it is; secondly, to state a set of more formal laws 
which introduce those concepts we consider to be most central to Tolman s 
^dews and which are intended to preserve the flavor while increasing the 
formalization of an expectancy theory. 

The system will be considered according, generally, to the outline de- 
scribed fn Chapter I. Considerable emphasis will be given to the aspects 
177 
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oi Tolm&n's theory which differentiate it from the other theories con- 
sidered m this volume, and for this reason it is important to stress that 
much of the content of his 1920 to 1932 publications, and even of Pur- 
posive Behavior in Animals and Men, is m substantial agreement with 
the views of S-R and S-R reinforcement theorists To mention one obvi- 
ous example, most psychologists trained since the early thirties, whether 
Tolmamtes or not, find it so natural to think in terms of “reinforce- 
ments,” “rewards” or “goal-objects” when speaking of instrumental 
learning, that we easily forget the importance of Tolman’s work in re- 
ducing the plausibility of the variant of pure frequency-recency con- 
nectionism which was held by many prior to around 1930 There are 
some characterizations of Tolman’s theory, often said to differentiate 
him from other theorists, which will not be emphasized here at all An 
example is the frequent reference to Tolman as a Gestalt or field theorist 
The justification for our omission of this emphasis will be made in a later 
part of the discussion 

In several places we will point out a difficulty and include a comment 
to the effect that “this problem is not peculiar to Tolman ” Such indica- 
tions of common difficulties, which appear especially in Part IV, are not 
to be interpreted as mere tu quoque or as denials of problems Needless 
to say, we have not pretended to suggest directions of solution for all 
problems, and since our subject is Tolman, we have devoted particular 
attention to those questions which arise from the special orientation that 
distinguishes him as a systematist This seemed to us the more necessary 
because Tolman is sometimes criticized for lacks or ambiguities which 
seem to be peculiar to him, but on careful examination are found to be 
present, although obscured, in competing systems 

II THE STRUCTURE OF TOLMAN’S THEORY 
Data Language 

Considering first Tolman’s use of a data language, the first chapter of 
Purposive Behavior m Animals and Men contains statements which ap- 
pear to attempt to make such words as "purpose” and “cognition” a part 
of the data language For example “Behavior qua behavior has descrip- 
tive properties of its own getting-to or gettmg-from” (p 10) , 
These purposes and cognitions are of its immediate descriptive warp and 
woof behavior reeks of purpose and of cognition” (p 12) However, 
these may be understood as devices used by a theorist in an introductory 
chapter of a theoretical work, proposing a behaviorism in which such 
apparently non-behavioral words as “purpose” and “cognition” will 
appear with behavioral definitions That he intends to define such words 
as “purpose” in terms of certain features of behavior seems clear 
When actual experiments are being discussed, a relatively clean, neutral 
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data language seems to be maintained (although when theoretical der- 
ivations are being performed, there are some confusions, as will be seen 
below) As an example of an unequivocal description of experimental 
events, the following appears in Purposive Behavior in Animals and Men 
(P 48) 

In this maze he [Blodgett] ran three groups of hungry rats Each group had 
one trial per day The control group (Group I) was allowed to eat m the usual 
manner for three minutes m the food box at the end of the maze They were 
then immediately fed the remainder of their day's ration in another cage (not 
the home cage) The first experimental group (Group II) ran the maze for the 
first six days, without immediate reward That is, at the end of the maze they 
were confined in the exit box without food for two minutes and obtained their 
day’s ration only one hour, or more, afterwards in another cage (not the home 
cage) After six days of such running, this group, on the seventh daj , suddenly 
found food an the exit box, and continued so to find it on all subsequent days 
A second experimental group (Group III) ran the maze without food at the 
exit box for two days Eor these two days they, like Group II, obtained their 
day’s ration only one hour or more afterwards in another cage On the third day, 
however, food was given them m the exit box and they continued to find it 
there on all subsequent days 

In the above, the word “hungry,” though not further defined here, 
has become a frequently used and accepted ellipsis, the word “suddenly” 
is perhaps extravagant, but seems to carry no illicit descriptive connota- 
tions here 

In general, Tolman’s departures from explicitness in the data language 
are those which can either be easily filled m (eg, “hungry”) or are per- 
missible as being defined in another discipline (eg, “Eunflowcr seeds” 
from botany, or “gravitational” from physics) 


Operational Definitions 

Tolman’s use of operational reduction is seen mo*t explicitly in the 
article “Studies in Spatial Learning I Orientation and the short-cut” 
(173) The following is the definition of an expectancy “reused to better 
express the original intent of the senior author” (p 15) 


When we assert that a rat expects food at L, what we assert is that i / (I) 
he is deprived of food, (2) he has been trained on path P (3) he is now put on 
rath P (4) path P is now blocked, and (5) there arc other paths which lead 
away from path P, one of which points direct!) to location L, then he wall run 
down the path which points dircctl) to location * J 
When we a«crt that he does not expect food at location L, what wc *wt is 
that, under the same condition*, be will not run down the path which pojits 
directly to location h 
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from path P, one of which points directly to location L, then (x runs down the 
path which points directly to location L = x expected food at location L) 

Three comments on this formulation may be offered First, as a reduc- 
tion sentence it is incomplete in several respects It fails to specify, for 
example, what else may have been in the rat’s history, and what restric- 
tions are placed on path P’s stimulus properties in contrast to other 
paths In the case, not excluded by this definition, m which path P is 
white and it is blocked, and there is among the “other” paths one white 
path (among non-white paths) which leads to location L, then if the rat 
takes “the path which leads to location L" are we prepared to assert that 
he “expects food at L”? 

Secondly, the significance of the negative case is somewhat puzzling by 
this definition, it would seem, as stated in the singular, that the rat which 
jails to turn down path P does not expect food there Does an expectancy 
theorist really mean to assert this? Along the same lines, the statement of 
the operational reduction m terms of the behavior of the individual rat 
suggests a disturbing statistical consideration If 12 out of 100 rats run 
down path P from among 8 paths, shall we assume that these 12 had ex- 
pectancies and the remainder did not? Now, it might be objected that 
these criticisms are petty, that of course it is intended that the paths 
should not be different in other than spatial respects, and oj course ordi- 
nary statistical significance is demanded Since, however, the intent in the 
use of operational definitions is to make explicit the complete set of rele- 
vant characteristics of an event, the above definitions must be considered 
incomplete 

Our third comment refers less to the adequacy of this definition as an 
example of the operational method, than to the rationale of its appearance 
in a theoretical structure such as Tolman's He says “ I do not hold, 
as do most behavionsts, that all learning is, as such, the attachment of 
responses to stimuli Cathexes, equivalence beliefs, field expectancies, 
field-cognition modes and drive discriminations are not, as I define them, 
stimulus response connections They are central phenomena, each of 
which may be expressed by a variety of responses” (151, p 146) By giv- 
ing a directly operational definition of a central state, such as an expect- 
ancy, in terms of o locomotion, Tolman is m danger o! losing precisely 
that advantage which a centralism has over a peripheralism In Hull's 
1943 Principles oj Behavior (38, p 383) the basic learning construct, bHr> 
is four steps removed in the intervening variable chain from his “opera- 
tional measures of actual momentary response strength Speaking 
loosely for the moment, one might suppose that one of the advantages of 
a more centralist approach is in the matter of some such causal distance 
of the hypothetical cognitive unit from the effector-activity The kind of 
means-to ends appropriateness shown by behavior occurring in altered 
environmental circumstances which has traditionally intrigued the expect- 
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ancy theorist is, from a methodological viewpoint, an argument for in- 
creasing this causal distance, and for getting, so to speak, more "play” 
into the system See, for instance, Tolman’s quotation from Gilhousen on 
the character of crayfish learning (128, p 18) The question of an alter- 
native mode of definition of such central states will be considered later 
in the discussion of Tolman’s principal constructs and their appearance 
in derivation of experimental results 

Dependent and Independent Variables 

In his presidential address to the American Psychological Association 
in 1937 (141), Tolman has formally listed the dependent and independent 
variables with which he proposes to deal The following are the independ- 
ent variables listed with briefer definitions of the symbols 

ZOBO The sum of the preceding occasions on which stimulus complex O t 
has been followed by behavior B x , which has been followed by 
stimulus complex O y 
M Maintenance schedule 
G Appropriateness of the goal object 
S Types and modes of stimuli provided 
R Types of motor response required 
P Pattern of preceding and succeeding maze units 

There is also a class of Individual Differences variables on the independ- 
ent variable side 

H Heredity 
A Age 
T Training 

E Endocrine, drug and vitamin conditions 
There are several noteworthy characteristics of the above "independ- 
ent” vanables G, the appropriateness of the goal object, depends upon 
an adequate definition of “appropriateness” if it is to be firmlj anchored 
m the data language Although it is not so anchored bj Tolman, it ap- 
pears as a general term for such characteristics of an incentive as its 
relation to the dmc state (or maintenance schedule), its hardness, big- 
ness, saltiness, etc , in brief, to characteristics which arc expressible m a 
data language May wc not saj that Hull vrould presumablj encounter a 
similar difficulty in defining his "(amount and) qualit> of the reinforcing 
agent” variable, and left the quality dimension largely undefined? 

More striking is the fact that several variables which arc onhnanlv 
characterized as being intervening or dependent have, in this h«t found 
their wa> to the independent v amble «idc of the enu«al sj «tcm Thus * II , 
the tv pcs of motor response required,” which refers to whatever cfvs of 
topographies the experimenter rewards is an independent variable onf> 
in thw sense that the experimenter can manipulate it by progre-«ivrh 
altenng its frrquencj of occurrence through the Icaroi-g i"elf Tim van 
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able must occur, or at least recur, as fl dependent variable. Moreover, it is 
difficult to discriminate among the three variables referring to the effects 
of past training, which, as state variables are doubtfully appropriate for 
this list. These are 2 OBO, T and P. Insofar as P, the pattern of preceding 
and succeeding maze units can affect behavior at a choice point only in 
consequence of previous OBO' s in those units and in the given maze, 
while T refers to previous OBO ’ a in other mazes and might be referred to 
as transfer effects, these three variables are not discrete. 

For the choice point example, Tolman specifies the behavior ratio as 
the dependent variable. The behavior ratio is defined as 

frequency of turn into alley L 
total frequency of turns into alleys L & R 

It will be noted that in practice, it is difficult or impossible actually to 
compute the behavior ratio for a rat at a choice point, since one rat can- 
not, during the course of learning, be made to choose repeatedly at the 
same choice point at the same response strength. This is one of the sev- 
eral defects of the maze as an instrument, as Skinner has pointed out. 
For this reason, the literal definition of the behavior ratio is rarely ap- 
plied, and for it is substituted a count of the number of entries into all 
culs by a rat (his “score”) , when there are several culs involved. When 
the “behavior ratio” needs to be determined for a specified choice point, 
determinations of left and right choices for groups of rats may be made, 
but this gives no direct indication of the strengths for individual 
organisms. The mathematical relationship of the choice ratio to the 
strengths of the two competing responses is not indicated. 

Relation Between Empirical Area Covered and Orientative Attitudes 
The dependent and independent variables listed above are specifically 
appropriate for the discussion of the maze running case, and this is the 
empirical area to which Tolman has largely restricted himself. It should 
be pointed out, however, that in Part V of Purposive Behavior in Animals 
and Men Tolman has systematically considered conditioned reflex and 
trial-and-error learning (as these were understood in 1932) , and tried to 
show that his vocabulary can be applied to them. He has recently dis- 
cussed psychoanalytic mechanisms such as fixation, regression and dis- 
placement (150) and social behavior (153). In neither case, however, has 
he specifically derived social or psychoanalytic phenomena as formal con- 
sequences of his theory. 

Hypothetical Constructs 

Tolman s definitions of the kinds of constructions which he intends to 
use indicate that he wished (1932) to avoid hypothetical constructs in the 
sense proposed by MacCorquodale and Meehl (56) , in which a construct 
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acquires attributes which exceed its original defining operations 1 He pro- 
posed instead (134, 135, 141) to define his intervening variables by an in- 
ductive breaking down of the function /, (relating the dependent and 
independent variables) into intervening variables a,6,c, with a set of / 2 
functions to connect these with the independent variables on the one hand 
and a set of / 3 functions to connect them with the dependent variables on 
the other. Tolman has felt it important to emphasize that his usage of 
such intervening terms as "expectancy” and "cognition” is to be under- 
stood in terms of the establishing operations, since these words have such 
extensive lay connotations; however, as will be pointed out below, the 
power of these concepts for Tolman in the derivation of experimental re- 
sults is severely lessened by their exclusively “intervening variable” char- 
acter. Some of the empirical support Tolman adduces for his constructs 
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appears to be support only because the common-sense kind of surplus 
meaning is informally attached to these theoretically "neutralized” terms. 

To test the actual reducibility of these construct-terms to the physical 
or data language two approaches will be taken here: first, one can find 
concrete instances of the use of a term and test the adequacy of its reduc- 
tion in the context of its occurrence; second, it is interesting to study how 
concept words as defined in the glossary of Purposive Behavior in Ani- 
mals and Men arc there reduced to the data language. 

As an example of the first kind, refer to Purposive Behavior in Animats 
and Men, Chapter XI: “Inference— the roeans-cnd-ficld,” p. 175. In on 
experiment by Buel, two groups of rats ran the same marc made up of 
several similar units (Fig. 2) with the difference that for one group bar- 
rier A' was present so that the cuts A and B constituted separate blinds; 
for the other group, the barrier A' was removed so tint culs A and B were 
continuous, or "constituted the reverse ends of one and the same detour. 

■ He hl\ however, recently (152) carreved > prrtereote for hypothetical era- 
Blrvcta as defined bv ta 
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The rats of the second group made fewer entrances into B than did the 
rats of the first group. “In other words, whereas B has to be learned as 
a separate independent blind for the animals of Group I, for Group II it 
can be recognized as but the other end of A, already entered / If we are 
interested in the definitions of the terms in the italicized part of the sen- 
tence (not italicized in the original) we discover that recognize is not 
defined here, nor does it appear in the glossary or index; and surely it is 
not a word in the data language. The other end of A is a phrase ordinarily 
in the data language, but used thus only when it describes facts about the 
maze. In this sentence, however, it occurs in a clause following the word 
as, where the whole sentence of which it is a part says something, not 
about the maze, but about the rat’s state (of recognition) . Already en- 
tered could be considered data language only by virtue of its antecedent, 
A, a place-term. Suppose, to take an example Tolman is fond of himself, 
the rats were “deceived” by the use of mirrors, or by making the “true” 
path resemble the other end of a detour. The rats should then avoid it, 
according to the hypothesis. In characterizing, for such a “deception 
case,” either the animal’s expectancy, or his actual response (i.e., avoid- 
ance) there would be no difference from similar characterizations in the 
Buel case; in terms of either the behavior or hypothesized “inner events,” 
the psychological situation would be identical with that in which the rat 
is confronting an actual detour. Hence, as a psychologist, Tolman must 
say the same thing about the rat’s state in both situations. But this shows 
that . . already entered” cannot here be data language referring either 
to (1) the maze, or (2) the animal’s previous reaction, for this phrase 
indicates (in the Buel experiment) a fact, and in the deception case, a 
falsehood. 

Consider a sentence of the form, “As the rat pauses at choice point 4, 
he expects [clause or phrase consisting of words denoting maze parts, in- 
centives, pathways, etc. — all individually being data words].” This is 
intended to characterize the rat’s state at the moment of making choice 4. 
Now, in case E has in fact removed or destroyed the remainder of the 
maze (maintaining adequate experimental control of sensory cues) the 
rat’s state must be presumed to be as yet wholly unaffected by this fact. 
Hence the complex sentence (which is “about” the state of the rat) is not 
dependent for its correctness upon the correctness of its subordinate 
clauses which themselves assert (or, as in the above case of a past parti- 
ciple, directly imply) something about the maze or the rat’s previous 
history. As the logicians would say, Tolman’s complex cognition-state- 
ments aye not themselves truth-functions of their components. 

In this connection, it is interesting to note a “philosophical” point 
about Tolman s system which some of its opponents have perhaps dimly 
perceived. Tolman himself explicitly disavows any dualistic reference for 
hia freshly defined” words, and has for over thirty years insisted upon 
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his consistent behaviorism We do not mean even to suggest that he is 
anything else, either consciously or unconsciously Nevertheless, there is 
a peculiar Bense m which his formulation has, willy-nilly, a certain 
affinity with the dualistic or, as he prefers to call it, “raentahstic” scheme 
This arises from the feature we have just treated For many thinkers of 
both past and present (e g , Brentano) , it is intentionahty that ultimately 
defines the realm of “mind ” Those cases of psychological description 
which require the use of subordinate clauses, following words like “be- 
lieve,” “know,” “expect,” such that the complex sentence is not a truth- 
function of its component propositions, are still a source of difficulty for 
philosophers basically sympathetic to the behavionst program (cf 11, 
83) When we commit ourselves to speaking of the rat’s “expectancies" 
rather than his “habits,” we are likely to find ourselves involved in the 
problem of reference, intention, or aboutness (as in the above example) 
whether we like it or not We do not suggest, of course, that such involve- 
ments are a necessary consequence of all formulations of cognitive the- 
ory, the sketch of formalization below seems to us free of it But the 
danger is greater than in a system which is couched wholly in response 
language “Learning to ” is intrinsically less referential in its stress 
than is “learning that ” The reluctance of some more suspicious psy- 
chologists to take Tolman’s behavionst protestations at face value may 
be subtly related to this linguistic fact 
In discussing Tolman, one needs a special terminology for this situ- 
ation We have a phrase whose components (words) ordinarily occur in 
the data language and there refer to parts, aspects, or relations of the 
environment, if this phrase sometimes occurs in a grammatical context 
following behavior- words such as “know,” “expect,” “infer” (with the 
connective that ) , we shall say the phrase is in the “quasi-data language” 
when so used We conclude from the analysis of the Buel example that 
the clause “that it can be recognized as but the other end of A, already 
entered” must, for a consistent behaviorism be treated as a whole, that 
is, the sub-divisions such as "end of A, already entered” cannot be con- 
sidered satisfactorily defined in this context just because they contain 
data words and thus appear to designate objects (maze parts) and events 
(movements) Such a phrase must be behaviorally defined If such defini- 
tions cannot be found in Tolman the entire phrase remains unclear in 
spite of the fact that all of its elements also occur in the data language 
or are readily reducible to it 

An example of the second approach to testing reducibihty is found in 
the definition of Inference as given in Tolman’s glossary, vjz 


Inference One of the three moods of sign gestalt-expectation (ree expectation) 
The other two moods are perception (qv) and mnemonizntsoo (qv) In 
inference commerce with the *ign object only has ever occurred before 
thele^s (perhaps because of past experience with “relatively similar <ntuation« 
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or because of pure creativity), the organism is led to invent the sort of signified 
object and sort of direction-distance relations to this signified object 'which wm 
result from commerce with the given sign-object . , 

The action of such inferential sign-gestalt-expectations is probably the funda- 
mental feature m mventro learning {qv) 

Inventive ideation (q v ) is to be conceived as a special, sophisticated, and 
recondite form of inference as just defined (p 446) 

The negative part of this definition is clear (“commerce -with the sign- 
object only has ever occurred before”) but we doubt it is an exact rendi- 
tion of Tolman’s intent The rat may have had contact with both the sign 
and significate For example (see Fig 3) , a rat is allowed to run repeat- 
edly from A to -Bi and also from A to B 2l subsequently he is run from 
B 2 to B ' which contains a demanded object If his demand for that object 
is now raised and he now goes to B 2 from A, Tolman would presumably 



FIG. 3 


consider it an “inference,” although the rat has had commerce with all 
sigmficates, only not in the inference-revealing sequence 

As for the positive identification of inference m the Glossary, note the 
clause “ the organism is led to invent the sort of signified ob- 
ject ” The word invent does not appear as a defined term in the 
Glossary, but “inventive ideation” does (Note No verb forms appear in 
the Glossary , the rules for the use oi verb forms, given the noun, are not 
indicated ) 

Inventive ideation The type of ideation (q v) called “inventive” is that in 
■which the ideational “runnings back and-forth” involve, in addition to the al- 
ternative and succedent routes of a given means end field which the organism has 
already actually o\ ertly been over, new routes or features, never as such actually 
experienced by the organism In inventive ideation these new loutes are ldea- 
tionally extrapolated Such extrapolation is to be conceived as brought about 
by behavior adjustments (<? v ) to those portions of the field which are already 
grasped perceptually or mnemomcally plus the presence in the organism of a 
certain amount of creati\e instability 
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The key phrn«e "ldcntionnlly extrapolated" suffers because 
Intcd is not gi\ on in the Glossary Ideation is 


IS? 

"exirapo- 


Ideation The more recondite form of conscious awareness (ot>), 
the sampling of nlternimc or succedent means-end possibilities occurs 
of mere behavior adjustments (q v ) to runnings bach and forth 


m which 
by virtue 


Recondite is not in the Glossary, although the dictionary definition is 
possibly sufficient, "conscious awareness” reduces to "the process of sam 
phng by runmng-bnek-and-forth in front of environmental object ” 
Thus, if wc wish to reduce this statement The rat infers that path P 
leads to food, with the aid of the Glossary, we arrive at the following 
statement 


"The rat extrapolates by a more recondite form of running-back-and- 
forth m which the running-back-and forth is done by a non-overtly-ob 
ser\ able surrogate for running bach-and-forth and relative to environ- 
mental objects not then and there sensonolly present, these objects being 
food and the path P leading to it ” 

If wc use the device of substituting a symbol for words or phrases that 
arc neither in the data language nor in (theoretically neutral) -words of 
ordinary English, we get 

"The rat (*) by a more (<I>) form of runnmg-back-and forth in winch 
the running-back-and-forth is done by a non overtly observable (n) for 
running-back-and-forth (A) environmental objects not then and there 
scnsonnlly present, these objects being food and the path P leading to it ” 
It is unclear whether a modifier such as “non overtly-observable” retains 
any utility however precisely defined, when it refers to an unknown We 
have substituted symbols for several wonis which do have, ordinarily, 
clear enough meaning, but whose meaning in this context is certainly not 
clear Thus, "relative to” is reasonably unambiguous if actual running 
back-and-forth is its referent, but since the running-back and forth re 
ferred to as “ideational” is metaphorical only, the phrase “relative to' 
loses the usual spatial or directional referents which give it definite 


meaning 

It is instructive to refer to the Glossary for the reduction of sentences 
which contain the word “expect ” Thus to know what the sentence The 
rat expects food at the end of path P, means, we start by looking for 
“expect' in the Glossary “Expect” is not given in the Glossary, however, 
we do find 


Expectation An expectation is an immanent cognitive determinant aroused 
bv actually presented stimuli An expectation probably always actually occurs 
as the expectation of a total sign gestalt ( q v ) But for purposes of analytical 
discourse there may be abstracted out for separate consideration within such a 
total sum gestalt expectation discnmmanda expectations manipvlanda expects 
tions— as to the sign-object ( qv),ie , means object ( qv ), as to the signified 
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object (g V ) , 1 e , goal-object (gv), and as to the mcans-end-ielations (q v ), 
ie, direction-distance correlations (gv) between the former and the latter 
There are three fundamental moods of expectation, viz, perception (<?t>), 
mnemomzation (q v ), and inference (gv) 

There are no indications of behaviors in this definition However, the 
definition does refer us “upward” in the definitional hierarchy to: 

Cognition (cognitive) A generic term for one of the two classes of immanent 
determinants (qo) of behavior A cognition (a means end-readiness (?v) or 
an expectation (511)) is present m a behavior insofar as the continued going- 
off of that behavior is contingent upon environmental entities (1 e , types of dis- 
crimmanda, manipulanda, or means-end relations) proving to be “so and so ” 
And such a contingency will be testified to whenever, if these environmental 
entities do not prove to be so and so, the given behavior will exhibit disruption 
(g») and be followed by learning 

Thus, an expectation occurs as the expectation of a total sign-gestalt, that 
is, discnmmanda- and mampulanda-expectations as to the sign-object, 
ie, means object and signified object, and the means-end-relations 
(direction-distance correlations) between these two But in the definition 
of an expectation taken literally, all references are to the stimuli 
involved, and these references involve a serious ambiguity because, 
although we generally consider references to stimuli as being in (or easily 
reducible to) the data language, the “stimuli” referred to in this definition 
of an expectancy are not the “stimuli” of the data language at all, but 
rather the object of the expectation itself (mtentionality again 0 Insofar 
as this basic ambiguity exists, and conduces to an unjustified feeling of 
security m the acceptance and use of such a definition, we feel that this 
usage of “stimuli” should be understood to belong outside the data lan- 
guage, and in what we called above the “quasi-data language ” 

A related example, pointing out the easily overlooked failure of these 
concepts in use to conform to their formal, Glossary definitions, may be 
found in Tolman’s discussion (128, p 71) of the Elliott study Water- 
deprived rats had run a maze to water, and error reduction was consider- 
able Deprivation and incentive were then shifted to food, and on the day 
of the shift there are increases m the time and error curves, with rapid 
recovery on subsequent days The bump is explained as due to the “old 
cognitive expectation of water" (p 72) A superficial and sympathetic 
reading leaves this explanation seeming very plausible But we have just 
seen that the “operational definition” of an expectation of water amounts 
to saying that if the rat does not find water, the behavior breaks down, 
the content’ of a cognition is that state of the environment the failure 
of which produces a disruption of behavior Since here it is instead the 
demand variable which is manipulated to produce the disruption, there is 
no rigorous basis for the use of the disruption criterion to establish the 
cognition The explanation m terms of the expectation of a non- 
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demanded goal object lias a certain common-sense appeal, but it requires 
common-usage connotations, exceeding those of Tolman’s formal defini- 
tion, to do the explaining job it is given here 
Although these constructs have been given unsatisfactory formal defi- 
nitions, it is not correct to infer that the constructs themselves have no 
definitions or lack all utility They do lack definitional precision In such 
a case, definition is intimately tied to the theoretical use made of the con- 
cepts m derivation A further discussion of the definition problem appears 
below, in the context of our treatment of derivation 


Principal Constructs 

In any listing of the principal intervening variables which Tolman has 
set forth, one encounters the difficulty that he has renamed some of these 
variables from time to time as he felt it appropriate in the context of dis- 
cussion, more felicity of expression, etc It seems safe to say, however, 
that if we ignore the names and observe the part played in the theory by 
the several variables, there has been little change since the publication of 
Purposive Behavior in Animals and Men The following list is a collation 
of intervening variables mentioned there, and in the articles “Determiners 
of behavior at a choice point" (1938) (141) and “There is more than one 
kind of learning” (1949) (151) In each case, the anchoring variables on 
the independent variable side are noted wherever Tolman has himself 
stated them 

Demand. Functionally related to the independent variable M (Main- 
tenance Schedule) 

Cathexis (1949) or appetite (1938). A joint function of demand and 
certain properties of the object cathected, the goal object 

Expectancy (1932, 1949) or hypothesis 1938) Functionally related 
to 20I?0 a frequency notion, but most recently related also to motivation 
(1949) though not necessarily, he says, to need-reduction There are three 
moods (or, variously, modes) of expectancy perception, inference and 


mnemonization , , , , . 

Means end readiness (1932). This variable is not clearly anchored, 
however there seem to be two classes a means-end-readmess may be an 
innately given tendency to make certain responses m given environments 
under various demands, in addition, it may refer to ("field-cognition 
inodes” 1949) a second order disposition to acquire such first-order dis- 
nositions (3 PP 472-481) as perceptions, mnemomzations and inferences 
P Differentiation (1938) Functionally related to stimuli, the reference 
tn experimental facts more generally called discrimination The con- 
vent seems not to warrant separate status, it is an instance in which a 
■~r»meter 0 f a function describing another intervening variable, the 
drawing apart of expectancies, has been given separate status as though 
it were another "variable " 
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Motor skill (1938) or motor patterns (1949). A dispositional concept 
relating to the organism’s motor potentialities. 

Biases (1938). Functionally related to P, the pattern of preceding and 
succeeding maze units. As stated previously in the discussion of the in- 
dependent variable P, the utility of giving these separate status from 
expectancies (as a function of HOBO) is not clear. 

Equivalence beliefs (1949). These differ from cathexes in that the 
object of a cathexis is actually ingested, copulated with, etc., while the 
object of an equivalence belief is a sort of “foyer,” anteroom, or place 
where cathected objects are found. They would seem to play a role some- 
what comparable to that of “secondary reinforcers” in S-12-reinforcement 
theories. 

Drive discrimination (1949). These would seem, on the independent 
variable side, to be anchored to the same variables as are cathexes; on the 
dependent variable side they seem to be undifferentiable from them. Thus, 
to say that a rat “knows that he is thirsty rather than hungry” pre- 
sumably means among other things, that he will go wherever water is, 
engage in consummatory behavior with respect to water, etc. The cate- 
gory of equivalence beliefs means that water jars and nozzles will be 
cathected by him; together these would seem to cover all of the data that 
are covered by “drive discrimination.” The drive-discrimination variable 
specifies a qualification on the cathexis statement by asserting that all 
demands do not indiscriminately affect all cathexes. 

Relations Assumed Among Constructs 

These constructs, as enumerated above, have not been formally related 
to one another; if they had been, the occasional difficulties in discriminat- 
ing the differences between them might vanish either through the addi- 
tional definition which the relating itself would provide, or through a 
redefinition by Tolman himself if the relating reveals that some of the 
variables are functionally indistinguishable. 

There is available (128, p. 407) what appears to be a mixed causal- 
functional chain of variables leading to a final response occurrence. The 
diagram is incomplete for the present purpose, since it does not include all 
the proposed intervening variables. This chain runs as follows: 

(1) Starting with Stimulus Variables, these lead to discriminanda and 
manipulanda-expectations, related to the organism’s capacities (capacity 
variables: discriminanda and manipulanda capacities) which function here 
as parameter values; 

(2) The . discriminanda-manipulanda-expectations thus established 
lead to a Sign-Gestalt-Expectation, depending parametrically on the or- 
ganism s means- ends-capacities (that is, capacities for perception, mnemo- 
mzation and inference) . It is not clear here whether the Sign-Gestalt- 
Expectation is supposed also to depend on the mea.ns-end-r eadinesses, 
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depending parametrically on the O’s consciousness-and-ideation-ability. 

(4) As a result of this Running-back-and-forth ( VTE ) the 0 pro- 
vides himself with S 2 (new stimuli, presumably both exteroceptive and 
interoceptive) which lead to new manipulanda-discriminanda expecta- 
tions, thence to new sign-gestalt expectations, with the same parameters 
affecting these linkages. 

(5) Throughout the chain, the Demand variable has been present; 
“These depending demands control the whole line of the 5 R process” 
(p. 407). An initial physiological state leads to a “Demanded Type of 
Goal” (presumably this means demand /or a given type of goal) depend- 
ing on means-end-readinesses, innate and acquired, and also demand for 
subordinate (equivalence belief) goals. 

(6) The all-important linkage to response is handled rather casually as 
follows (p. 407) : “[These demands lead the organism] to respond to the 
given S as presenting an appropriate means-object.” 

It has been repeatedly pointed out by Tolman’s critics that this sort of 
diagram is really not a system or a proposed set of laws, but rather a 
framework jor laws, in which we are told what is related to what in the 
construct system but not much (if anything) about the character of 
the relations. 

Methodological Characteristics 

Explicitness of formulation. Until the publication, in 1949, of the 
article, “There is more than one kind of learning” (151), the explicitness 
of Tolman’s system was limited to a statement of the kinds of variables 
and kinds of axioms that he intends to use (see Purposive Behavior in 
Animals and Men, pp. 372-374, for his list of “modified and new laws” 
for conditioned response, trial and error, and inventive learning). The 
1949 article discusses the laws of acquisition, de-acquisition and forget- 
ting of cathexes, equivalence beliefs and (field) expectancies. The ex- 
plicitness of these laws may be estimated by a consideration of them 
separately. 

Tor cathexes, acquisition depends upon the adequacy of the object for 
physiological need reduction, and it is guessed that “numbers of repeti- 
tions and amounts of need reduction per repetition would, no doubt, turn 
out to be the two major causal variables and that the curves would un- 
doubtedly be exponential in form” (151, p. 147). For de-acquisition, if 
need reduction following, say, the ingestion of food could be prevented, 
the cathexis for such food would weaken. Cathexes are not, however, for- 
gotten with the mere passage of time. 

For equivalence beliefs, primacy, frequency and intensity of need- 
reductions, as well as early traumatic experiences, are tentatively sug- 
gested as the principal causal factors in acquisition. There is no guess as 
to the condition of de- acquisition (although this is recognized as a major 
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clinical problem the neurotic may be thought of as having erroneous 
equivalence beliefs) As for forgetting, Tolman admits that the evidence 
is small, but postulates that equivalence beliefs are not forgotten but have 
to be unlearned It can be seen here that, within the limits of the tenta- 
tmty of these “axioms,” an additional differentiation between cathexes 
and equivalence beliefs is suggested m the clear difference in their laws, 
cathexes weaken if need reduction is withheld, but the hall-mark of the 
equivalence belief is the substitute acceptability of a means for an end 
and hence the continued strength of an equivalence belief without need- 
reduction This seems to put Tolman with Allport in the matter of func- 
tional autonomy 

For field expectancies (the older sign-gestalt-expectations and the 
newer cognitive maps) , the factors of acquisition are frequency and mo- 
tivation “But this does not mean that I hold that such learning consists 
in the stamping m of S-R habits by reinforcement [a goal] 
probably does give a special vividness to that locus in the total field ex- 
pectancy” (151, p 151) To these must be added the perceptual, mne- 
monic and inference abilities of the organism De acquisition occurs 
when, and only when, the environment changes so that the previous ex- 
pectancy is unsuitable, hence de acquisition is an ‘ interference” at the 
cognitive level As to forgetting of expectancies, true forgetting with the 
passage of time does occur, particulars may be lost, m the Bartlett- 
Gestalt sense of simplifying and sharpening 
For motor patterns , Tolman points out (151, p 146) that these 'have 
to be included by me, since I do not hold, as do most behavionsts, that all 
learning is, as such, the attachment of responses to stimuli ” To include 
them, Tolman expresses a willingness to agree with Guthrie that move- 
ments are learned rather than acts, and the Guthnan formulation of con- 
ditioning by contiguity is accepted with a protest that movements which 
are learned are “embedded m a larger goal directed activity ” Thc«e 
movements when learned, are available to the organism for trying out m 
new situations Great caution would seem to be required in the interpreta- 
tion of these assertions, if they are taken quite literally, a good case could 
be made that these ‘laws” of movement acquisition involve a sinking 
concession, if not an essential capitulation to the peripheral (as opposed 
to the central) entailments of an S-R or S-*-reinforccmen theory Un- 
fortunately, Tolman has not been very explicit as to the limits of this 
agreement with Guthne If, however, we attend to other very clear state- 
ments as to the central character of a learned expectancy and to the 
smrit of the system, wc note “Cathexes, equivalence belie*, field expect - 
nncjcs field cognition modes and dmc discriminations arc not, as I de- 
fine them, stimulus rc*pon*e connection* They are central phenomena, 
each of which may be cxprc^cd by a variety of re*pon*c« The actual 


nature of the*e responses i 


however, nl<o determined by the character 
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ol the motor patterns at the organism’s command” (151) Perhaps an 
acceptable translation •would be given the final field expectancy, the 
form of the responses may he a motor habit The problem of getting to 
the response has always been considered to be a special problem for Tol- 
man Part IV of this section will consider this “problem of getting to the 
response” and offer one kind of suggestion for its solution 
Tolman has only recently offered the above axioms, they are seen to 
be very tentative and imprecise These are not, of course, sufficient 
grounds for criticism, the sense in ■which they are cnticizable will be 
noted in the section m this chapter dealing with our own suggestions to- 
ward axiomatization 

Quantitativeness Tolman’s system would seem to be so constituted as 
to permit quantification, but the step has never been taken Hilgard (37) 
has stated 

In spite of a clear outline of what a systematic theory ought to be, Tolman 
has nowhere attempted quantitative predictions paralleling those of Hull, so 
that his conjectures have not, in that sense, been put to the test This does not 
mean that his experiments are unrelated to his theory There are, in fact, many 
predictions, but they assert that one path will be preferred to another, that 
under one set of circumstances the problem will be easier than another set, and 
so on The dimensional analysis that completes the function is not provided 
(p 265) 

It is difficult to make an assessment of the degree of quantification of this 
or any other theory See Part IV, this section, for a possible “scale of 
quantification,” with remarks as to Tolman’s position on it 

Consistency and independence oi the postulate set In order really to 
evaluate the consistency of Tolman’s system, explicit formalization is a 
necessary first step Since this has not been taken, the evaluation is im- 
possible Similarly, since to show that the postulates are independent 
would involve showing that none can be derived from the others as theo- 
rems, the proof of independence would presuppose an explicitness of 
axiomatization not present in Tolman Formal treatments of the question 
of independence are hardly necessary at this stage of behavior theory 
Models Tolman has not used models m his system making up to 1949 
Techniques of derivation The derivation of experimental results from 
Tolman’s system is, due to the informal axiomatization which character- 
izes it, exclusively informal To illustrate this informality, it is an inter- 
esting exercise to note in a recent paper by Tolman “ the actual ex- 
periments out of many which I have selected to report which 
seem especially important in reinforcing the theoretical position I have 
been presenting” (150, p 193) , and to examine critically his method of 
relating these to the theory He treats of five classes of experiments 
(1) Latent learning In discussing the results of the Blodgett experi- 
ment, Tolman says 
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?^ Crv t cd that the experimental groups as long as they were not 
ST* f? j dld not a PP ear t0 learn “uch (Their error curves did not drop) 
-But on the days immediately succeeding their first finding of the food their error 
? d , op astoundingty It appeared, in short, that during the non 
rewarded trials these animals had been learning much more than they had 
exhibited This learning Blodgett called ‘latent learning’ Interpreting 
tfiese results anthropomorphical^, we would say that as long as the animals 
were not getting any food at the end of the maze they continued to take their 
"f 16 Somg through it — they continued to enter many blinds Once however, 
they knew they were to get food they demonstrated that during these preceding 
non rewarded trials they had learned where many of the blinds were They had 
been building up a map,” and could utilize the latter as soon as they were 
motivated to do so (pp 194 195) 


Aside from the fact that it is not quite correct to say that the error 
curve of the latent group did not drop in the latent phase, one could note 
that the actual "derivation” of latent learning phenomena from Tolman's 
theory here is simply not given The tie-up is made only by pointing to it 
as a presumed instance His earlier negative use of Blodgett's results, as 
a criticism of the law of effect, was clearer (128, p 343) 

(2) Vicarious trial and error , or VTE 


But what, now, is the final significance of all this VTEmg? My answer 
is that these facts lend further support to the doctnne of a building up of 
maps VTEmg as I see it, is evidence that in the critical stages— whether in 
the first picking up of the instructions or in the later making sure of which 
stimulus is which — the animals activity is not just one of responding passively 
to discrete stimuli, but rather one of the active selecting and comparing of 
stimuli (p 200) 


Here derivation is pursued by the device of opposing such vague, un- 
defined terms as “passively" and "discrete stimuli’ to such phrases as 
"active selecting and comparing of stimuli " It is hardly possible to view 
this as acceptable deduction of experimental consequences, men within an 
avowedly incomplete theoretical structure 
To get from the axiom Organisms form maps, to the theorem I TE 
occurs, it is not sufficient, or even clearly relevant, to refer thus loosely 
to the contrasted S R formulation However, since it is referred to, one 
may question the mcompat.b.l.ty between the statements 

(a) Jumping n^rcinforcuig consequence, 

'TftTInlals look at the stimuli scicral times before they jump 

As a matter of fact, Spence (95) has shorn, how "non-pa-mh,” or 
"paying systematic attention to the rclmant stimuli ” may be domed a, 

F nf enforcement thcor> We are not concerned here, of 

coumTt’o defend Spence’s demotion Even if it were rejected, the point 
% Tolman seems to take as somehow obvious the relation between 
b (or Spence’s) theory and the facta, letting such words as passncly 
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and “significant” serve as substitutes for an actual derivation It may be 
that statements (a) and (b) above are incompatible m some way not 
clear to us, but surely their incompatibility needs to be exhibited by some 
line of argument 

(3) Searching jor the stimulus The experiment referred to is an un- 
published one by Hudson in which, rats failed to exhibit an avoidance re- 
sponse to a stimulus which disappeared coincidently with the administra- 
tion of an electric shock In commenting on this, Tolman says 

I feel that this expenment reinforces the notion of the largely active selective 
character m the rat’s building up of his cognitive map He often has to look 
actively for the significant stimuli in order to form his map and does not merely 
passively receive and react to all the stimuli which are physically present 
(P 201) 

The alleged inference seems to hang chiefly on the vague and emotion- 
ally connotative word passively The impossibility of deriving this 
“searching” on S-R principles also needs to be shown, and there is no 
move made toward showing it 

(4) The “ hypothesis” experiments Reference is made to the non- 
random response sequences exhibited by Krechevsky’s rats when he pre- 
sented them with an unsol vable problem in maze running Again, Tolman 
docs not relate this phenomenon to the theory 

(5) The spatial orientation experiments Hone of these is explicitly 
denved in the article However, the point of the spatial orientation series 
in supplying an evidential basis for a cognitive map view (and against 
S-R views) is somewhat obscure because of the failure of theorists on 
both sides to define clearly what they intend by “a response ” This will 
be discussed at length below 

Tv. o things may be said in respect to these five classes of experiments 
as supports for the cognitive map point of view First, those which are 
offered as embarrassments of law of-cffect or contiguity formulations 
cannot be considered as arguments jor the cognitive map formulation 
unless the competing systems are shown to be mutually exclusive and 
exhaustive Secondly, there is no evidence of formal derivation in Tel- 
man’s discussion of them It does seem as if these results might flow as 
consequences from “some such theory,” and the failure to be able to show 
whether the} would do so is due to the method of definition of concepts 
and the informality of the axioraatization 
It is appropriate now to refer back to the question of the definitions of 
the concepts, who«*c cinnty has not increased much by noting their use in 
derivation The argument might be made that, for example, the terms 
lor which the Greek letters were substituted above arc implicitly defined 
Thus when n cntic asks for a definition of a certain term or expression 
which occurs m a scientific theory he may be answered simply by exhibit- 
ing alt of the sentences of the theory The “meaning” of a construct is dis- 
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closed by seeing it’s role in the system Philosophical workers m the field 
of logical analysis are increasingly aware of serious and involved prob- 
lems m this area (9, 34, 82) To the extent that words occurring in the 
theorems have empirical coordinating definitions, and if the theorems 
really do follow from the axioms, then all of the words in the axioms are, 
so to speak, “given empirical meaning ” Therefore, m an admittedly in- 
complete system the truth of the axioms is not only doubtful, but even 
the meaning of the terms partakes of a certain vagueness Such a set of 
terms is said by Hempel to be “partially interpreted ” There are many 
difficulties and unsolved problems here, and psychologists cannot afford to 
be dogmatic when the methodologists are m such doubt 
Recognizing this unsettled condition of the general issue, it seems ad- 
mitted that the meanings of such implicitly defined terms, are, so to 
speak, nailed down by piling up the theorems derived from them When 
a word, e g , hunger , is found in several contexts, it is possible to take a 
fix” on it, to carry out what Feigl has called “tnangulation in logical 
space ” The defining of terms by exhibiting their formal roles presup- 
poses, however, a formal role to exhibit, hence, discussion of imp ici 
definitions in Tolman’s system has necessarily been delayed e ree 
letters in our expansion of the “Inference” construct might e jus i lec as 
introduced by implicit definitions via the system as a \v o e, were 
explicitly axiomatized But, as has been shown, these denvatmns are in- 
fnrmo) M tuVion +Koir am nnf. simnlv absent 1 In such a system it is har y 


the formal role of a con- 


formal,” when they are not simply absent 1 - 
possible to speak of implicit definitions since 
struct cannot very well be exhibited informally We eon dud « IT - 
man's formulations do not perm.t any satisfactory implicit definitions for 
the “operational” ones he officially advocates 

Empirical Content and Adequacy 

Range of data purported covered Tolman’s 18 mud 
be a “complete” psychology of "docile beta! indeed, completed it It 
be said that he is under no illusion tha > cxclu^ncly been 

has been noted previously that rats in h(j cou]d bc con „,dcrcd ns 

his source of empirical support, 80 tiiat f ozc behavior Whether 

intending to develop a fairly complete 0 ^ rat wl]1 ctcr constitute 
the laws of learning as “laid bare in, o y, ’ n , hat canno t be nn- 

a complete psychology in a broader sen d but t i„ s , s applicable 

swered until its own laws arc reasonabI> comp 

to any theory and is hardly uniquely r< ™ nr f Tolman’s is not a 
Specificity of prediction "‘ratedj" ““/been, perhaps c«lu- 

highly quantified system, prediction morc or i„, t faster or stotrrr 

eivcly, of a presence or absence, ng ' ,„fominH\ stateil it i« no. 

sort Insofar ns the axioms and dern a i made folio" from the 

alw ays clear whether the predictions that hate been ma 
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theory or whether they are, as some are admittedly, guesses made anthro- 

pomorphically or on the basis of common sense. 

Obvious failure to handle facts. Since the derivation of experimental 
results has been characterized by extreme informality, gaps in the theory 
are difficult to detect. There is, at least, a vocabulary with which to dis- 
cuss most of the data of learning, although the quantitative vocabulary 
is lacking as the theory now stands. The inadequacies of definition of the 
principal constructs (as pointed out earlier) suggest that more complete 
operational definition of the concepts would make them unsuitable for 
some of the explanatory sentences in which they now stand. A more flexi- 
ble method, and one more likely to preserve the connotations of the con- 
structs as Tolman now uses them, would be to define these terms im- 
plicitly, in which case a test of the adequacy of the theory with respect 
to the data would depend upon the explicitness of the axiomatization. But 
as neither of these steps has been taken, the range of applicability of the 
theory is nearly impossible to assess. The temptation to over-estimate the 
utility of the concepts is heightened by the non-technical connotations 
that accrue to such words as “expect” and “infer.” 

There are certain guarantees built into the system which may be used 
to account for failures of prediction. Thus, emphasis , as a relatively un- 
defined property associated with motivation, may be used to account for 
the failure of the rats in one type of latent learning study (called Type 
4 below) to learn where a non-valenced goal-object is to be found; or 
“fixation” of responses by overlearning, or emotion, may be used to ac- 
count for failures of place-learning. We do not mean to suggest that these 
concepts are intrinsically without merit; but until they have been more 
carefully defined and quantified, there is no clear restraint on their ad hoc 
usage. 

Programmaficify 

The most serious obstacle to an evaluation of the cognitive learning 
theory of Tolman is the unspccificity of its axiom set. Tolman has shown 
a tendency to restate the system by revising its vocabulary (i.e., “sign- 
gest alt-expectations” become “cognitive maps”) and by recounting illus- 
trative experiments (often mainly because they arc disquieting to the 
law of effect theorist, though only thus deviously related to the affirma- 
tive side of the cognition theorist’s argument). The programmatic nature 
of this system is most clearly suggested by noting that in 1932 Purposive 
Behavior in Animals and Men lists (pp. 372-374) only the kinds of laws 
that will be needed in a purposive behaviorism; and in 1949 he says, “And 
although, as usual, I have been merely programmatic and have not at- 
lempted to set up, at this dale, any precise systems of postulates and 
deduced theorems, I have made some specific suggestions . . <151, 



EDWARD C. TOLMAN 


199 


HI. ABILITY OF TOLMAN’S THEORY TO ACCOUNT 
FOR FACTS NOT PREDICTABLE FROM 
COMPETING THEORIES 


If we ignore the question of whether such facts are accounted for by 
Tolraan’s theory as it stands, we can note that the data of the latent 
learning studies are the kind which Tolraan intends to account for, and 
for which he believes S-R and S-IB-reinforcement theories are inadequate. 
The experimental designs which are used to test for latent learning are 
very diversified; Thistlethwaite has reviewed this literature (106). In 
general, latent learning is revealed in an abrupt, or somehow discontinu- 
ous, change in response tendency when drive and incentive are first ir- 
relevantly matched (the latent learning period) and then relevantly 
matched (the test period or trial) in a given experimental setting. Rele- 
vant” and “irrelevant” are definable in terms of maintenance schedule 
operations, behavior of the organism in the presence of the incentive, etc. 
“Abruptness” may be given statistical definition, as a significant s i 
from the random or systematic response tendencies before t ic nvc 
incentive matching experience (as in the T-maze studies, tec mvior o 
the rat running the maze hungry for the first time after previous ’ ex P° s ^ 
to a food incentive in the maze while satiated for foo , or as in e 0 
ett design, the reduction in cul-entries when rats firs n oo 
maze after having run the maze while hungry but wi iou 

‘bpart'of °the" question with respect to the Intent 

extent to which they do reveal inadequacies in not 

formulations. From this standpoint, certain of c csipi 
to be determinate, as will be seen below In this rcgart. > 
that the reinforcement theorist’s use of the r a c °" s * . is cn toiIcd, 

according to a broad definition in wh,< * h ”° h P ™ c P ognit i on theorist would 
can apparently mediate any outcome peripheral event entailed 

call an "expectancy." The r a construct [ hc B , odgcU and free 

is equally powerful (although severely s the peripheral 

maze exploration types) , but then the tadenof proot 
activity presumably falls on the user o c 

Five categories of latent learning sluicsa / , a(cd ( |, y maintc- 

1. The Blodgett type. Drive is ^ u P ccd later in a series 

nance schedule) throughout, the m crror record on the trial 

of maze runs. Latent learning is r ^ ea J“ t t JC d ro p i n errors is larger 
subsequent to the first feeding in ic ‘ . crror curV c of n control 

than the first, or the largest sing c, ro a deeper drop in ****** 

group which has been fed from the firs » ^ nine fUC h studio* 

from the same level on the ordinate. Thereto bcc^^ 

reported; of these, seven have been in rp 
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Elliott (23), Herb (35), Simmons (89), Tolman and Honzik (162), Wal- 
lace, Blackwell and Jenkins (184) , and Williams (186) ]. Two are negative 
[Meehl and MacCorquodale (65) , Reynolds (76) J . The “latent” groups 
in both these studies showed considerably more error reduction during the 
latent phase than Blodgett’s did. 


The Blodgett experiment is extensively cited as the case for which 
jS-R-reinforcement theory is inadequate, and it is often used to display 
the difference between fi-R-reinforcement and cognition theories. Hence it 
is important to examine its design and the results it provides to determine 
whether it is, indeed, an experimentum crucis in any respect. 

The core of the argument from the Blodgett design concerns the drop 
in errors following a reinforcement introduced after a series of less 


strongly rewarded maze runs. It is not the fact of, but the size of, this 
error reduction that is crucial. 8-R-reinforcement theory predicts a drop 
in errors following the first rewarded run; but cognition theorists assert 
that this drop is actually greater than reinforcement principles can ac- 
count for, and thus that in the pre-reinforcement runs “learning that 
didn t show” was taking place. As an estimate of the magnitude of error 
reduction to be predicted from one reinforcement, the cognition theorist 
points to the error drop occurring after the first reinforcement of a control 
group, which is fed on its first run. The comparison may also be made 
against the largest single drop in errors shown by the control group, or 
against the drop made by the controls from the same point on the or- 
dinate. The third of these comparisons has the most methodological 
soundness in terms of learning curves, and we shall confine our discussion 
cxam P le of difficulties met in interpreting the findings of 
. ° ,? e _ ex Pcnraent. The important question to answer here is 

the ™ nt “cement operation by being performed not on the first, 
foreem^ /b^-Tf u 11111 actua,Iy be Plumed by the S-R- rein- 
the XrU H f ■ haVe r th<3 8ame ° ffect on error BC0res - B y theory 
“ glV< ? PP°n the habit strengths of the two 

6 oups may be equal, but the drop in the error scores ( B E„) may still be 

are C unequarat C ir a r able - Wll , ich the UtilizaHon ° ! habit strengths 

are unequal at the times involved in the comparison 

the pXbmtvTft'r SPCdfi b Cd by 5 - B - rdnf orcement theory as affecting 
and P (2) coletW P 0 " 5 ^" 11011 ' labil stren 6 th is constant «« U> drive 
rors fo loTne ln ^ B,odBett “«**««* reductions in cr- 

siimJ hiss •— «» 

be inspected for it* m s structure of the experiment should 

.hVs am equal for r^ 3 at tha C °! ,diti ° ns ° f drivc and competing 
antec" means showin tb 0 Brou P 3 . n, ' 'he times of the comparisons. "Guar- 

cally be equal, except for the ™ ,l r S tW ° Er ° Ups El,ou,d tI,COrCti ' 

ot the si^ificinee fact0rs Which cntcr thc error tcnn 
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The burden of this proof of equality rests with the user of this design 
if he intends to demonstrate the inadequacy of reinforcement theory to ac- 
count for as much learning as is observed. The S-R-reinforccment theorist 
need not, actually, show that these other factors are in fact unequal in 
this design, if he can show from findings in other experimental settings 
that the different histories of the two groups might have produced system- 
atic differences in either drive or competing response tendencies by the 
times the comparisons are made, and that these differences would be in the 
direction which favors a larger drop in errors by the experimental group. 
If this can be done, the cognition theorist’s argument that these histories 
have produced differences unaccounted for by reinforcement principles is 
Vitiated. Only to the extent that in the Blodgett design “equal errors” 
implies “equal habit strength” is the cognition theorist’s argument from 
the Blodgett design valid; to the extent this equivalence does not hold, the 


argument is invalid. The Blodgett type of experiment is cited by cognition 
theorists as inexplicable by tf-E-reinforcement theory. In such an argu- 
ment, one must obviously allow the ^-.^-reinforcement theorist all of his 
theory when he is asked to account for the results. Consequently the 
burden of proof upon the cognition theorist includes a showing that the 
conditions for any comparison within the framework of S-jR-rcinforce- 
ment theory have been met by the experimental design. 

It seems doubtful that he can do so. When the comparison in the 


Blodgett design is between the Experimentals’ post-reward drop and (he 
drop in the Control’s curve from the same point on the ordinate which 
characterized the Experimentals on their first rewarded run, what should 
be the S-R -reinforcement prediction? S-R theory predicts that the effects 
of reinforcement would be equal for the two groups only if the two groups 
are shown to be equal in three additional respects: (1) the initial 
must be the same; (2) the increment to b Hk must be the same; (3) fol- 
lowing the reward with the resulting and still equal s II„'s dnvc and 
competing A’s must be the same so that the equal ,11 „ a will yield 
equal post-reward error scores, hence equal drops in the error currc. Let 
us evnmine these three required assumptions. 
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Exteroceptive maze cues should become elicitors for some of the’ com- 
ponents of hunger-drive as a result of the feeding experiences in the maze 
situation, so that after one or more food-rewarded runs the controls 
should be psychologically “hungrier” than the experimentals on the same 
maintenance schedule who have not, however, been getting fed in the 
maze. This concept of conditioned drive was explicitly set forth in Hull’s 
1949 postulate set (39, Postulate III, Corollary i, p. 175) and appears in 
his posthumous book (40, Postulate III, Corollary i, p. 6). Earlier (1941) 
but less formally, the notion was developed and extensively utilized by 
Miller and Dollard in their application of S-R -reinforcement theory to 
the human social case (68, Chap. IV and passim). Once the idea that 
there are stimulus and response components of drive is admitted, the 
occurrence of drive-conditioning flows readily as a consequence of the 
postulates proposed by Hull in his 1943 book (38) . Several experimental 
approaches to this concept are possible, one of which we have taken in 


an experiment modified from Blodgett’s (67) . We showed that a feeding 
experience in a maze-like situation, not following a maze run and not 
at the goal-box end (or in its direction), produced a significant drop in 
errors and faster running, with no further maze exposure to yield an in- 
crement in habit strengths (or cognitions, for that matter). This finding 
would seem to support a suspicion that Blodgett’s experimentals must 
have lacked some of the evocative drive of the controls, due to the lack 
of opportunity for acquiring such conditioned motivation. In a series of 
studjes utilizing a different experimental setting, Seward, Datel, and Levy 
(86) attempted to test our hypothesis, with equivocal results. If the 
experimentals, on their last pre-food-reward day, are less motivated than 
the controls on their comparison day, a matching of ordinates (reaction 
potentials) implies a systematic immatching of habit strengths. That is, 
at a comparable level of performance the experimentals (being less 
motivated) must have more habit strength favoring the correct path than 
the controls. The food-reward given for the first time at the end of this 
Acco^rdinp 3 1 available, on the following day, a heightened drive factor. 
muUinKer o? ■? S’ 7 ' thiS incremcnt “cts mathematically as a 

Td (under a an ^ h M blt 'f enEth differences between true path and culs, 
produce t ^ter d b y !a 0SCn range ° f parametric assumptions) should 

a some post n r IT ^ by the hab it-strength increment 

at some post-imtial stage of the acquisition process. 

faTOrirAhe'tmfnMl, 1 ’^! 0 ’ tb ,° ex P erimental s are accumulating s H n 
VG) show considcrabl T "° re P Ilcatlons of the Blodgett experiment (G5, 
Sih S! error reduction before the first feeding of the ex- 
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controls when the latter’s ordinate was comparable to that of the experi- 
mental immediately pre-reward, the S H„ increment yielded by one food- 
reward should be less for the experimental (due to the decelerated form 
o he sif jj-acquisitioii function) This complication operates in opposi- 
tion to the effect just discussed Whether it would be sufficient m amount 
to obscure the hypothesized effect entirely involves several rather com- 
plex quantitative questions, not readily (if at all) answerable within the 
Blodgett design itself Avoiding rash assumptions about these matters, 
it seems legitimate to argue that the dnve-conditiomng hypothesis must 
be given serious consideration as one of the contributors to the Blodgett 
effect, and that, m the light of our present ignorance of the parameter 
questions involved, it cannot be excluded as a possible 3-Jl-rcmlorccincnt 
explanation of the phenomenon 

But even this does not exhaust the complications which -the design 
generates within a Hull-type theory, and, presumably, for any form of 
S-B-reinforcement theory made sufficiently explicit to predict for the 
maze case In the preceding discussion we have treated the habit strength 
and drive multiplier as if they were associated with some abstract, “gen- 
eralized” choice-point, so that the quantitative arguments relating 
changes in these variables to the observed datum ( total errors per maze 
run) would hold strictly only if the relative effects of conditioned moti- 
vation and S H S increment were not different over the several maze units 
And this is surely not the case Having been given food-rewards m the 
goal-box, the controls (when manifesting any given level of “perform- 
ance” defined as total errors ) can be assumed on the basis of other maze 
studies to show a start-to-goal error gradient, although Blodgett does not 
present an error breakdown by units This gradient should be less distinct 
for the experimental, who (when at a comparable total-error perform- 
ance level) have been operating on the basis of non-ahmentary incentives 
and for whom the goal-box as such must be presumed to be less reward- 
ing In other words, the “total correct choices” for the expenmentals on 
their last pre-food-reward day is veiy probably distributed more equably 
over the six units than is the same quantity lor the controls This situa- 
tion creates a further asymmetry m the relation of the two sorts of 
strengthening operations being compared (drive-conditioning \ crsus In- 
crement due to the reward), and the asymmetry far ore a Blodgett 
effect For when the dme-conditionmg factor is already present (control 
group) the increment in e H s given bj one additional food-reward cannot 
be assumed to bo equal over all six units, and in fact, m the case of units 
in which an error was made during the run in question, the impact of the 
terminating goal-box reward is a very delicate question It might con- 
ceivably eien be negative at such early stages of learning ns the second 
or third day, before secondary reinforcement has inmcd back far enough 
to create 'a senes of supporting sub-goals One would, therefore, expect 
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the bH r increments yielded by a single food-reward for the controls to be 
unequally distributed over the six units, varying considerably from rat 
to rat depending upon just what he did (and the all-important temporal 
factors of his doing it 1) on the run m question, but, statistically speak- 
ing, being progressively feebler as we consider units more remote from 
the goal 

For the expenmentals, with a more equalized B H R difference from unit 
to unit, the drive-conditioning operation should theoretically exert a more 
massive effect, since it operates mathematically as a multiplier applied 
to all six units at once A little computation with plausible quantitative 
examples will convince the reader that this asymmetry between the 
reward as an g ff B -mcreaser and the reward as a drive-conditioner can, 
within a considerable range of parametric assumptions, make a marked 
difference in the performance error-drop A fairly direct test of the above 
reasoning would probably require a longer maze and large numbers of 
animals, since the Blodgett maze is very highly patterned as to error- 
frequencies and the sixth unit is so quickly eliminated (even by non- 
fed animals) as to yield an essentially five-unit maze after very little 
exposure 


Consider next the third necessary assumption, that of the equality of 
competing response tendencies The chief competing response tendencies 
involved in maze running may be subsumed under the general rubric “ex- 
ploratory disposition ” Whether it is appropriate to speak of the explora- 
tory disposition as a drive or not we need not discuss here It does seem 
to have at least some drive properties, such as dependence upon a mainte- 
nance schedule and an energizing effect upon behavior capable of over- 
coming opposing incentives such as shock Whether we speak of it as a 
drive or not, the fundamental operation known to weaken exploratory 
behavior is repeated exposure (18, 19, 20, 58, 69, 70, 71, 187) and this has 
been permitted to the animals in Blodgett’s experimental group to the 
extent that their first food-rewarded run is delayed until later m the 
senes of maze exposures No one who has observed rats during their 
early exposures to a maze could dismiss the exploratory disposition as of 
negligible strength Not to mention the specific expenmental quantifica- 
tion of this need” in the Columbia obstruction-box studies, one thinks 
» flo!' b , Ut common ) observations as the long latency in eating 

shown bj 24-hour hungrj rats in a novel situation, and the frequent m- 
° f ,‘ hlS °' crlcarncd consummatory behavior by the competing 
lmnr^ tl r!!u? rc t Sp ° nsCS Wc ha ' c unpublished data showing that if 
llrUl rlT ^ 0 ^ ™ and rcuardcd m the Blodgett maze with culs 
nl i hC numbcr of tnals bc,n E more than sufficient to yield error- 
ncarK * ° rdm ' ml > uscd ' unblocking the blind alleys leads 

mt ° r C ° CUl WC lm ' c also s bowTi (58) that the 
denc> to enter a cul , s an inverse function of the “total past penc- 
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any reward associated with getting to 


These considerations show that what is customarily designated as a 
learning curve” in multiple-unit maze studies is not a pure learning 
curve (either in the sense of habits or cognitions), but is a composite 
curve— the resultant of interaction between the underlying course of 
learning and the reduction (“satiation” or "negative adaptation”) in the 
exploratory tendency. The usual maze experiment presumably gives us 
a very obscured indication of the building up of habits or cognitions; we 
o not know what the form and parameters of the acquisition function 
would be like for an “ideal rat,” constructed so as to be a pure gH R - 
accumulator (or knowledge-acquirer). We suggest, however, that the 
kind of performance curve exhibited by Blodgett’s experimentals, once 
their food-reward is introduced, is a better approximation to the idealized 
case of a learning process uncontaminated by emotional and investi- 
gatory interferences — a better mirror of the underlying acquisition func- 
tion — than is the usual “maze-learning” curve as represented by the con- 
trols. Regardless of the stand one takes on this question, it seems fair 
to say that matching performance ordinates is not, prima facie, matching 
the underlying S H R ’ s, but rather is systematically unmatching them. Here, 
however, the presumed (correct-path) bHr favors the controls, since their 
ordinate is a resultant of the influence of the true-path sAYs and an 
opposed "exploratory” s E e which is stronger than that of the experi- 
mentals (on a later day) . The impact upon s IIr of a food-reward is thus 
greater for the experimentals, making the usual Hullian assumption of 
deceleration for the ^ff^-acquisition function. Hence the decline in errors 
following this reward should be steeper than that for the controls starting 


from an equated performance level. 

But there are still additional complications. Whatever the impact of 
the single food-reward upon the habit strengths, what of the competing 
exploratory on the next trial? We have suggested that the effect 

of the first food-reward upon the next day's choices for the experimentals 
may be looked upon as the “pure, unadulterated” consequence of re- 
inforcement, now unimpeded by the interference of exploratory responses. 
Whether this factor works "for” or "against” the Blodgett effect depends 
upon further quantitative issues. If one thinks of the effective S E* for 
true path as a linear resultant of the exploratory .Ea’s for cul (and true 
path!) together with the new »E* contributed by food-reward, the form 
of the exploratory-satiation function becomes all-important. If it is 
markedly decelerated, this summativc process works counter to a 
• the decrement in cuI- s £T* between two early trials 


Blodgett effect; since . 

f control group) should exceed that between two late trials fexpen- 
mentals) If it is approximately linear over tho interval concerned, this 
complication con be ignored, and the above development predicts . 
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Blodgett effect. If, finally, it is ogival, and the flex point lies somewhere 
between the abscissas determined by the equating of performance ordi- 
nates, whether a Blodgett effect were favored or not would depend upon 
the slopes at the two points of the ogive. 

The preceding discussion treats the exploratory disposition as if its 
only contribution to the situation lay in its role as an s^n for cul entry, 
competing with the “correct” gEjtS. Again, even superficial familiarity 
with the actual character of a “naive” rat's early maze behavior shows 
that this is a gross oversimplification. In terms of 5-12-reinforcement 
reconstructions of maze-learning, the greater strength and variability of 
such concurrent investigatory responses as halting, reversal, standing up, 
sniffing in corners, freezing, sudden spurts and the like, so characteristic 
of the less adapted rat, should theoretically reduce the efficiency of the 
various mediating mechanisms (e.g., chaining effects, secondary reinforce- 
ment, “pure stimulus acts,” drive conditioning) and hence attenuate the 
impact of a reward given at the termination of a run. 

It must be emphasized that the entire preceding discussion of the prob- 
able role of competing b ErB contains lacunae at several critical stages 
due to our experimental ignorance of certain quantitative matters; and 
that some of the possibilities work in directions antithetical to others, 
although to an unknown extent. None of the behavioral tendencies in- 
voked are purely ad hoc, however, being here carried over from empirical 
findings in other setups. Some of them have received reasonably direct 
support within the Blodgett situation itself. At the least, it seems fair to 
say that the required assumption of equality of competing s Er’s is not 
prima facie justified, but, if anything, rather unlikely. The core difficulty 
seems to be that any experimental procedure which allows a rat an 
opportunity to establish either cognitions or habits in a maze will also, 
unavoidably, permit him to adapt emotionally and “satiate” his explora- 
tory drive. To the extent that he has, 5-22-reinforcemcnt theory predicts 
that the effect of one reinforcement will be, if not an exactly specifiable 
amount, at least greater than that for an unadapted, unsatiated animal. 

A final complicating factor in the Blodgett design is that we are unable 
to state definitely that the two groups are equal in unconditioned drive 
strength. The crucial reinforcements are given at times when the two 
groups have been on the feeding cycle for different periods. In Blodgett’s 
experiment a pre -experimental feeding cycle was in effect only three days; 
thus the control group was first reinforced on the fourth day, while one 
experimental group was first reinforced as late as the tenth day after in- 
ception of the cycle. We attempted (G5) to reduce the relative discrep- 
ancy necessarily involved here by extending the pre-cxpcrimcntal feeding 
cycle to seven, days. It is surely possible that by the time of its first feed- 
ing, the experimental group, with its longer history of deprivation periods, 



EDWARD C TOLMAN 207 

!ms an accumulalcd deficit which makes it hungrier It would be difficult 
to do but the design would seem to require that a prolonged pre experi- 
mental feeding cycle be used, to ensure that both groups are at the 

TraSu ° f (uncondltloncd ) dnve strength for the deprivation period 
used (22 hours) and the amount of food given It seems unlikely that such 
stability could bo achieved unless the amount of food given were care- 
no n Ca ' ll)rated so as to ensure day-to-day equality of drive strength for 
22 -hour hungry rats M The literature on the effect on 8 Hr of deprivation 
at the time of reinforcement is ambiguous (6, 29, 44, 60, 77, 103) , the 
functions seem not to be linear or even monotonic, but the evidence does 
not preclude drive level’s acting as a parameter in the acquisition func- 
tion If there is a range over which this relationship is positive, and if the 
Blodgett design is operating within it, the influence for the experimental 
group opposes the action of conditioned drive, presumed (as we have 
seen) to be less for the experimental before and at the time of its 
first reinforcement But on the other hand, it suggests that the S H R for 
the experimental must have been lower than that of the controls on the 
matched run, and, therefore, that the 8 H R increment yielded by the 
terminal reinforcement should be larger for the experimental due to 
the deceleration of the 8 H R acquisition function Hence this possible 
inequality in unconditioned drive works at two points in the intervening 
variable chain in favor of a Blodgett effect, and at one point in opposition 
Whatever its effect at the time of reinforcement, drive strength is 
clearly at issue as a relevant variable on the first post-reinforcement run, 
when the 8 ff R ’s created earlier are “activated ” In predicting the size of 
the drops for the two groups, the possibility of this difference and its 
direction must be taken into accounk-conjo.ntly, of course, with the dif- 
ferences between the B H K 's and competing response tendencies of the two 

^WeVeem Chave'a plethora of contradictory hypotheses to account 
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volume. Our analysis into S-E-reinforcement terms uses the pre-1949 
variant of the theory in which these problems have most commonly been 
discussed before. 

It might be argued that this set of methodological considerations re- 
veals a defect in S-E -reinforcement theory: the several variables affect- 
ing the dependent variable are not experimentally separable. But this is 
the case only in this setting; each of them can be shown in other experi- 
mental settings, and, as such, may be supposed by the usual processes of 
induction to be operating, even though their lack of quantification does 
not permit prediction beyond direction of sub-effects, in this more com- 
plex case. 

2. The free-exploration type. In these studies, as in the Blodgett type, 
the manipulated variable is the incentive. Rats explore a maze freely, 


usually under conditions of increasing deprivation of food and water. The 
“test” condition involves feeding the now-hungry rats either following a 
run or directly in the goal-box. The criterion of latent learning is met 
if the exploration group make fewer than chance errors, or fewer errors 
than arc made by a naive group on their first run. An experiment in which 
the first feeding occurs directly in the goal-box, not preceded by a run 
through the maze, does not give us any estimate of the effects of the free 
maze exploration alone. There is one such study [Buxton (5) ] ; this study 
was positive. The effects of free maze exploration uncomplicated by any 
feeding in the maze can be tested in the second type by noting the error 
scores for the first run on which the rats are fed. Where the data are re- 


ported [Daub (18), Haney (33)] it can be seen (although these authors 
do not point it out) that these rats, even before reinforcement is ever 
encountered, have developed dispositions to stay out of the culs during 
their free-exploration period. Four such studies are reported, all showing 
positive results [Daub (7) , Haney (33) , Kam and Porter (42) , Lash- 
Icy (51)]. MncCorquodale and Mcehl (58) have shown that within a 
15-minutc period of free exploration of a multiple T-mazc, rats will 
significantly reduce their tendencies to enter culs, and will on a subse- 
quent day exhibit striking tendencies to choose “correctly” on a test run. 
In this latter experiment no food-reward, and indeed no reward of any 
kind, even mere return to the home cage, had been associated with “getting 
to the goal-box. ’ Looking at the animals on their test run, it would be 
casj o project goal-seeking into their behavior, especially if n’food- 
reward had been somehow paired with the goal-box. 

. ST < l? t ? 1 . 8CrVC t0 cub stantiatc some of the hypotheses, discussed 
„ A ; , a IIull,an could use to account for the Blodgett effect. Insofar 

in iTw/k 0 c 4 xp!or . al, t on dcs5 e n 5s a variant of the Blodgett design 
n Inch the latent period experience is free access to the maze rather 

that I*' * tart l ° c ? d ** ,ox > some of the considerations 

ic (y gett design to be inappropriate in the role of expert- 
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mentum cruets show the free exploration design to be similarly inappro- 
priate 

The next two types of latent learning study differ from the above m 
that the rats, during the latent phase, encounter an incentive for which 
they are operationally satiated They may or may not be irrelevantly 
motivated and reinforced, and presumably some rewards are operating 
even in the satiated case, e g , removal from the restraint of the maze, 
return to the home cage, etc On the “test” trial the rats are run, after 
a period of deprivation, for the previously encountered but unwanted 
incentive 

3 Incentive present with no competing strong drive Rats operation- 
ally satiated for food and water are given a series of runs in a T-maze 
(except that Szymanski used a multiple-unit T-maze) with the incen- 
tives present in opposite arms of the maze, or in one case, with both food 
and water present m the same arm [MacCorquodale and Meehl (57)] 
Seven positive studies using this design have been performed [Meehl 
and MacCorquodale (64), MacCorquodale and Meehl (57), Spence and 
Lippitt (100), Spence, Bergmann and Lippitt (98), Seward, Levy and 
Handlon (87), Szymanski (104) and Thistlethwaite (107) j There are 
two negative studies [Kendler (45) and Maltzman (61)] It is interest- 
ing to note that m both of the studies in which it was tried [Spence and 
Lippitt (100), Meehl and MacCorquodale (64) J the rats were, after a 
successful “test” under conditions of deprivation for one of the incentives, 
unable to shift their responses when the deprivation conditions were 
shifted to the alternative incentive, and, at least m the Meehl and 
MacCorquodale study, the first, successful test response had not been 
reinforced 

This design is considerably freer from methodological defects than 
either the Blodgett or free-exploration designs A positive result using it 
(and the percentage is higher than for most other designs) is more 
embarrassing to the S-R-remforcement theorist He can deduce a molar- 
descnptrve “cognition” by positing the secondary reinforcement of frac- 
tional antedating responses to the goal-objects during the latent phase 
To the extent that the drive inducing operation prior to the test run also 
strengthens antedating responses appropriate to the deficit, it may 
mediate correct turnings on the test (64) The difficulty with this ex- 
planation is the general vagueness of the ra construct as to the conditions 
of its strengthening, its role as ehcitor, and, finally, its specification as 
to locus (See below for a discussion of the r a concept in its relation to 
“cognition ”) The implications of one such attempted derivation of de- 
scriptive cognition by use of the r Q concept (64) have been experimentally 
tested by Thistlethwaite (107) with results adverse to the 5-R-reinforce- 

m< 4 ^Incentive present with strong irrelevant (competing) drives Of 
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eighteen such studies, seven are positive [Bendig (1), Christie (14), 
Diesenroth and Spence (22), Strange (102), Thistlethwaite (108), 
Walker (182) , and Walker, Knotter and DeValois (183) ] , and eleven 
are negative [Christie (13), Fehrer (28), Gleitman (31), Gnce (32), 
Kendler (46), Kendler and Mencher (49), Kendler and Kanner (48), 
Littman (54), Spence and Lippitt (101), Shaw and Waters (88) and 
Walker (180)] The difficulties in accounting for the discrepancies be- 
tween these studies are enormous If one draws up a master table com- 
paring the possibly relevant details between the positive and negative 
studies of this group, and with the generally positive studies of the previ- 
ous (non-competing drive) group, he finds he can make only the broadest 
generalizations, to each of which exceptions can be found 
The only systematic difference between Types 3 and 4 seem to be the 
basis on which they were classified whether the irrelevant incentive was 
encountered with or without a strong competing drive In general, this 
design, in which the animal is tested for his cognitions of goal-objects 
encountered while he was strongly motivated for a different goal-object, 
takes too little account of other, explicitly stated, aspects of the cog- 
nition view to be a wholly adequate, or even fair, test of it The “em- 
phasis” value of an incentive is small when the organism is satiated for 
that incentive, it is less, or even frustrating, when he is motivated for 
another incentive, which he has encountered m this situation before A 
further, and related, difference between these is that when the organism 
is motivated for one incentive during training he must be forced to the 
side of the T-maze containing the irrelevant incentive (except m those 
cases where the relevant incentive is placed m both arms of the maze) , 
forcing is suggested as conducing to negative emotional conditioning to 
the side of the test incentive 

We have been unable to detect any clear-cut differences in method be- 
tween the positive and negative studies withm Type 4, incentive learning 
with strong competing drive Although the drive present during the latent 
period has usually been thirst, these are about equally divided between 
the positive and negative, and of two studies in which the training drne 
was hunger, one is positive, one negative 

There is some evidence to suggest that irrelevant incentive learning is 
more likely if the relevant incentive during the latent period is sym- 
metrical!} located in the maze, i e , rats motivated for water find water 
on one side, food and water on the other The necessity of forcing the 
animals to the side containing the irrelevant incentive is reduced by this 
method, and studies in which forcing is absent or minima! (involving a 
small percentage of runs) tend to give positive evidence of irrelevant in- 
centive learning more often than studies in which forcing characterizes 
half or more of all trials [see Walker, Knotter and DeValois (183) for 
direct evidence on tins v anable] 
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The attempt to favor discnminability of the two arms of the T-maze 

y painting them black vs white, by using a marked illumination dif- 
ference in the two sides, or by using different coarseness of screening 
on the floors of the two sides, seems to be ineffective if not somewhat 
contrary to the aim, this is apparently due to the fact that such dis- 
criminative cues conduce to position habits Most studies in which black 
vs white alleys are used show a strong avoidance response to the white 
alley Walker, Knotter and DeValois (183) have shown that rats who 
have developed strong position habits during the latent learning period 
are less likely to respond appropriately on the test trial, after motivation 
is shifted 

Training in drive discrimination, or at least experience in deprivation 
of the test incentive to match that for the training incentive, might favor 
irrelevant incentive learning (13) It would be profitable al^o to investi- 
gate the effect of providing additional alleys on the test trial, to discover 
whether those rats which shift performance on the test trial are avoiding 
the previously preferred alley (in which event they would choose equally 
among alternatives) or are indeed responding on the basis of earlier en- 
counters with the incentive for which they are now motivated (in which 
case the alternative, “neutral” alleys should also be a\ oided) 

The last latent learning design, Type 5, involves a first phase in which 
animals are run in or permitted to explore T-mazcs whose goal- boxes 
are tactually or visually discriminate, usually hungry but without in- 
centives present The rats are subsequently fed directly m one goal-box, 
l e , they are placed directly m the goal-box, or run through a straights a\ 
to it The test of the learning of maze characteristics is made by reintro- 
ducing the rat to the entry box of the maze and observing his tendency 
to choose the side which leads to the goal box in which he was led 
Tolman and Gleitman, after a training phase in which the rats were fed in 
both goal-boxes, shocked them in one end-box (withholding the usual 
food) and fed them (as usual) in the other— these experiences not follow- 
ing an actual run The entenon measured was subsequent avoidance of 
the shock side of the maze Four positnc studies of this design have been 
reported [Tolman and Gleitman (159), Iwahara and Marc (41),Gi!chn«t 
(30) Seward (85)], three arc negative [Lccper (52), Dcnnj and Divu 
(21)* Seward, Datel and Levy (SG— two of three replications, the third 
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turn leading to it on the next run But here, again, the lack of independent 
verification of the r a event and its non-quantitative status reduce its 
utility 

We have four general comments to make upon this extensive and rather 
puzzling experimental literature First, and of greatest importance, is the 
necessity for sufficient replication using each of the five designs to 
justify confidence that a describable design does consistently yield a cer- 
tain (positive or negative) result There is no satisfactory classification 
of experimental setups, even using multiple criteria, which permits a clear 
sorting into “positive” and “negative” outcomes, although Thistle- 
thwaite’s review (106) is a valuable contribution in that direction One 
can only conclude that there is something wrong with our controls or with 
our standards for what constitutes an adequate description of them It 
cannot be too strongly emphasized that there is little point in disputing 
about the causal interpretation of an experimental effect when we have 
not yet apparently described the conditions sufficient for obtaining it 
Secondly, even if finer sub-classes of designs can be finally made 
replicable, one must beware of assuming that because they are all called 
“latent learning,” they must be explainable in the same, or even a similar, 
way It is perfectly possible, for example, that the Blodgett effect is based 
upon satiation of exploratory drive in the expenmentals, and is further 
enhanced by the drive- conditioning mechanism we hypothesized above, 
and yet that the positive findings which preponderate in Types 3 and 5 
will ultimately find their explanation m cognition theory terras 

Thirdly, cognition theory must be developed beyond the point where 
its proponents’ main use of latent learning studies is in the form of criti- 
cizing “the opposition ” The demand “How do you explain that one?” is, 
to be sure, not wholly obscurantist, since any finding clearly adverse to a 
theory is, indirectly, favorable to its competitors — provided they already 
have some inductive support of their own But it seems legitimate to insist 
that failures to get “latent learning” pose a serious explanatory problem 
for cognition theorists, just as positive results do for the S-R -rein for ce- 
ment view Cognition theorists are not entitled to take the position that 
an> positive design gives them their case, in spite of the negatives 
Thistlethwaite has argued very insistently that “ it must be possible 
to demonstrate for each instance of latent learning or of irrelevant-incen- 
tive learning (1) that some source of reinforcement was operative m the 
experimental setup ” (10G, p 120) The word demonstrate m this 
quotation needs scrutiny In any developed science, when we attempt to 
understand the complex ca«e, we recognize that there may be great diffi- 
culties in experimental separation of the determining variables Actually, 
most scientific experiments presuppose (i c , do not attempt to prove, in- 
dependent!) ) a whole network of causal laws, including tho Q c relating 
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hypothetical constructs, that have been confirmed in other research Even 
the use of complex measuring apparatus would be impossible if this sort 
of inductive extrapolation were forbidden So, we can accept Thistle- 
thwaite’s desideratum only if a rather weak meaning is given to his word 
"demonstrate,” somewhat like “render probable on the basis that factors 
present in the design have been shown in other designs to act as re- 
mforcers ’’ If this weakened demand cannot be met, grave doubt is surely 
cast upon S-ft-reinforcement theory Whether such doubt gives strong 
support to cognition theory depends upon the difficulties of the latter, and 
upon the plausibility of still other causal models (eg, 5-^-theones not 
stressing reinforcement) Intermediate types, such as Seward’s (84, 85) 
and the theory we shall present below, must also be considered One can 
imagine an accumulation of experimental evidence on latent learning 
alone which would render both .S-ft-rcinforcement theory and cognition 
theory thoroughly untenable, neither being capable of generating correct 
predictions as to the pattern of positive and negative results 
Finally, definitive interpretation of the experiments is rendered difficult 
by a terrible lack of data regarding certain quantitative matters, both 
in theory and at the descriptive level It is customary for Tolman’s critics 
to attack his formulations on these grounds, but it is not sufficiently ap- 
preciated how vulnerable we all are in this respect For example, S R- 
remforcement reconstructions of "positive” latent learning designs char- 
acteristically invoke ro, and require suitable quantitative assumptions 
about such matters as the "similarity” of the afferent consequences pro- 
duced by fractional eating and fractional drinking It would be an inter- 
esting exercise to bring together all of the applications of this device with 
an eye to the question, whether the quantitative assumptions required by 
S-hf-reinforcement theory to "deduce” experimental outcomes in the -vari- 
ous settings are compatible It is refreshing to reflect upon the discon 
certing consequences of a direct experimental attack upon the hunger- 
thirst "stimuli,” such as Heron’s (36), for such theorizing We have never 
seen an empirical curve for the generalization gradient of any "pure 
stimulus act” in the rat, nor even any rigorous theoretical treatment of 
it It hardly seems quite proper for S-B-rcinforccmont theorists to attack 
Tolman on this front, when they themselves have frequent recourse to 
such an clastic explanatory construct ns r„ 

In spite of the preceding difficulties of interpretation, it seems safe to 
say that the current state of the evidence is at least encouraging to the 
theorist oriented to some form of cxpcctanc> theory Wc were, frankly 
somewhat more impressed by the overall trend of the evidence than wc 
had expected to be This reaction led us to attempt a somewhat greater 
degree of formalization of the expectancy position, which we present in 
the following section 
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IV SOME TENTATIVE PROPOSALS AS TO 
FORMALIZATION 

The commonest criticism of Tolman is that he has failed to make his 
theory “explicit” and “rigorous,” the critical emphasis often being on 
“quantification ” The matter of explicitnes* and rigor has been treated in 
Part II, and this criticism seems, m the mam, to be valid As for quan- 
tification, the most casual reading convinces one that Tolman either is 
not strongly interested m it or feels it to be premature In a recent article 
he says 

Curves could be fitted Equations for these curves could be mathematically 
determined and the magnitudes of the constants could be found In fact, all the 
precise techniques of quantitative method could be elegantly carried out and 
bnng about closure for all those psychologists who are probably at heart mere 
physicists or perhaps mathematicians gone wrong (151, p 147) 

And in the same paper we find the following 

And although as usual, I have been merely programmatic and have not 
attempted to set up at this date any precise systems of postulates and de- 
duced theorems I have made some specific suggestions I feel that once 
we have thought of really good defining experiments we can then hypothe 
size equations fit empirical curves, and dream up constructs to our hearts’ 
content (151 p 154) 

If we ignore the touch of sarcasm, and the suggestion that physicists 
arc somehow more entitled to an interest in quantifying than are psy- 
chologists, what can we see in these quotations? The description of him- 
self as “ as usual merely programmatic” suggests that Tolman 
believes in the ideal of a quantified science Indeed, it would be difficult 
to doubt this in a writer who for many years has presented us with “func- 
tions” of “variables,” albeit in the most general form possible as w /i,” “/ 3 ,” 
etc 

It is perhaps worthwhile to pause a moment and consider the degrees of 
quantification a behavior theory may attempt Without claiming any sort 
of exact scale for degrees of quantification let us present a crude ordering 

stem for convenient reference At the lowest level, we have (1) state- 
ments as to which variables determine the dependent variables This 
already has an element of quantification since it claims a non-zero value 
for certain partial dem atives and assigns a zero value to all others Such 
a list of “relevant variables” almost always includes a further degree of 
quantification, (2) a statement of the sign of the first derivative This 
latter mi} include a statement of the range over which this direction of 
influence holds (c g , “monotomcally increasing” if it holds throughout) 
Frequent!} , but b> no means alwajs, wc arc given (3) statements of signs 
of higher derivatives, eg, "monotomcally increasing decelerated func- 
tion \\ ithout specif} ing numerical values, wc may be told (4) the order 
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of sizes of the various first partial derivatives Thus, '% affects y more 
than z 2 does ” It is often difficult, m the case of dimensions differing 
qualitatively, to say just what this latter kind of statement means even 
when nothing but order is claimed Still further, we may have (5) various 
degrees of specification of the function form, as “a decay function,” “a 
second-degree polynomial,” and so on Finally, we come to (6) estimates 
of the parameters in these functions 


No one can prophesy whether making an effort to attain one of these 
levels of quantification will be fruitful at any given stage of knowledge 
Certain of Hull’s later efforts, both experimental and postulation al, seem 
to indicate that he believed work at level (6) to be m order, and quite 
obviously he had been for some years thinking at level (5) It is im- 
portant to see that there are intermediate degrees of quantification, so 
that a theorist may be very cautious about levels (5) and especially 
(6) , but still may attempt more than Tolman has to date One does not 
need to be “anti-quantitative” to raise the question whether the pains- 
taking determination of parameters arising from the study of a particu- 
lar species, drive, response and apparatus is not somewhat premature 
On the other hand, there is a degree of quantification which is necessaiy 
for any important sort of “explicitness ” That is, one may set his sights 
lower than levels (5) or (6) , but he can hardly attempt a usable (predic- 
tion generating) set of postulates if he stops, say, at level (1) or (2) 
Unfortunately, Tolman seems to have done just this It is questionable 
whether we can even proceed with the search for the “really good defining 
experiments” of which he speaks in the second quotation, until some 
efforts have been made at quantification levels beyond (2) 

There is no important “system” at present which does not u«e hj po- 
thetical constructs or incompletely reduced intervening variables, such ns 
some form of the learning performance distinction When Tolman speaks 


of “defining experiments” for each of his “types of learning, ne haie to 
remember that such defining experiments will in each case invohc an in- 
ference from facts about response strength to values of the hypothetical 
entity or process Thus, we cannot study the acquisition of an equivalence 
belief without having some notions about asymptotes of the cathexes 
being utilized in such an experiment Again, we will be utilizing some 
instrumental act, so our discussion will be bound up with assumptions 
about the animal’s ficld-expcctnnc.cs If we were to interest ourchc, 
eav in such a curve-fitting question as "In wlmt way does the rate of 
acquisition of an equivalence belief depend upon the cathcxis of the 
final goal?” we would need to ha'c some quantification of final goal- 
nb.cet eathexes for the abscissa, and it is caident that cathcxis is not a 
Jrd in the data language We know the kind of expenment Tolman u-rs 
for this preliminary problem-it appears in Chapters III ami H of Pur 
poJve Behavior in Ammals and Men But such experiment* while t!.c> 
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are the obviously appropriate beginning, can only establish an ordinal 
senes of cathexes, which is insufficient for purposes of a defining expen- 
men t on equivalence-beliefs unless it is to deal with order only The point 
is that somewhere in the system of assumptions there must appear a 
minimal degree of hypothesized quantification in order to get a foot m the 
door pnor to an empincal determination via a defining experiment of 
any of the theoretical quantities 

This is, of course, only one of the several forms in which the same 
fundamental dilemma recurs in all theory construction We are constantly 
m the position of leaning upon some poorly confirmed “laws” as we try 
by experimentation to tease out others So long as we are aware of this 
and see clearly the mutual support aspect of the components of a theory , 
there need be nothing disturbing in the situation Such free play, with 
limitations, has to be expected in any ongoing inductive enterpnse 

The chief aim of the Dartmouth Conference was analytic and critical 
rather than synthetic-constructive However, the great stress usually laid 
upon lack of explicitness in the criticism of Tolman impelled us to tenta- 
tive efforts toward developing his views in this respect We cannot 
emphasize too strongly that what follows could most appropriately be 
given some such Teutonic title as “Prolegomena to an introduction to 
proposals for the skeleton of an incomplete postulate set generating a 
modified expectancy theory ” In order to avoid repetitive apologizing, 
we shall use the unqualified terms “axiomatization” and “formalization” 
to designate our procedure But we hope we are under no illusions as to 
the appropnateness of these designations There are, m particular, two 
misinterpretations of our intentions which we wish the reader to guard 
against 

1 We do not propose the following as a sufficient set of “postulates” 
for the derivation of all or even most empirical behavior-laws Nor have 
we made a formal effort to investigate them as to independence or con- 
sistency The reader should look upon them as “programmatic,” but less 
so than Tolman as he stands 

2 They attempt to explicate not so much “Tolman” as “an expectancy 
thcorj ” While we have tned to be oriented by Tolman 'e emphasis and 
hn\ c not knowingly contradicted him, it would be absurd to expect that 
Tolman himself would accept all of the following as falling within the 
range of his own broader hunches We will begin with a few general 
remarks to clanfj our orienting attitudes toward an expectancy theory 
As n first approximation to be elaborated as we proceed, we could express 
our notion of an “expectancy-type” of theory as follows. An cxpcctancy- 
t>pc of theorj is a learning theory in which the fundamental learning 
construct, the “what-is-leamcd,” is notationally specified by explicit 
reference to the stimulus-e\ ent which has commonly terminated a 
stimulus- response sequence in an organism's history (the “cxpcctan- 
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dU ?2’ ? addltlon to mak ™g the usual reference to the eliciting stimulus 
and the (strengthened) response A correlated feature, without which this 
notational practice would be sterile, is that the activation postulate which 
relates this learning construct to a behavior-disposition makes explicit 
reference to this third element, whereas in non-expectancy theories the 
usual terminator” (e g , reinforcer) of an S-R sequence plays only a his- 
torical role, id the sense that it occurs as an experimental factor m the 
acquisition postulates but is not “part of” the learning construct itself 
nor, therefore, available for use m the activation postulate 
It is our belief that a phrase such as “field-cognition” or "field-expect- 
ancy ' is confusing, since it links together two words the emphases of 
which, while perhaps not wholly independent, are at least distinguishable 
(cf Spence, 96) The term “field” makes a reference to the Gestalt and 
perceptual emphases m Tolman, while (m our opinion) the term “ex- 
pectancy” indicates a quite different aspect of the system It is the latter, 
“expectancy” aspect which we have taken as definitive of the system, 
since we are not persuaded that there is any very intimate connection be- 
tween acceptance of the Gestalt laws of stimulus organisation and accept- 
ance of either an S-IZ-contiguity, an S-if-reinforcement, or a (so- 


called) S-S theory of acquisition The problems of stimulus equivalence, 
and of the physical statement of configural properties on the stimulus side 
which will yield stimulus-equivalence or various degrees of generalisa- 
tion, will recur in any form of behavior psychology, and it is a historical 
accident that the leading expectancy theorist has Gestalt-emphasizmg 


leanings Thus, Skinner, clearly an S-if-reinforcement non-expectancy 
theorist, would find it unnatural to connect configural emphasis in any 
essential way with the matter of acquisition laws If experimentation 
shows e g , physical triangularity of the visual stimulus to be a basis for 
strong generalization effects, so be it The specification of relations among 
the apices of such a “physical triangle” which yield such-and-such de- 
grees of generalization can be achieved if desired (62) 

If one speaks m terms of the raw data that give rise to a science of 
psychology, all behavior-data theories are “S-R" theories, in the broad 
sense The empirical variables are movements of the organism and en- 
vironmental events which occur in certain temporal relations to them 
That his system is an out-and-out behaviorism is one of the things on 
which Tolman has been most explicit There is, to be sure a more re- 
stricted and less innocuous sense of the phrase S-R theory which does 
not apply to Tolman, as we shall develop below But the point here is 
that, at the data-Ianguage level, Tolman is the same as Guthnc, Skinner, 
or Hull, and he intends to be , , , 

Since all of the theories considered by us make the Icammg-per/orm- 
distinction in some form, the mere making of this distinction cannot 
differentiate an expectancy theory from the others Once the organism has 
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acquired whatever sort of bond or knowledge the theories respectively 
specify, all of them allow for a manipulation of overt behavior strength 
by means of control of drive, fatigue, emotion, or competing responses 
This means that having learned, and not having yet unlearned, an animal 
may still fail to exhibit the behavior Guthrie, Hull, and Skinner all make 
their various places for this fact If it was ever an adequate rendition of 
the Tolman position’s uniqueness to say that “The organism learns cer- 
tain things but may exhibit this learning in different ways depending 


upon r " it is no longer The distinguishing feature of an expectancy 
approach is not as simple as this, nor is it easy to state in any short 
characterization 


V. EXCURSUS: THE RESPONSE CONCEPT 

Since Tolman’s system is a behaviorism, its dependent variable neces- 
sarily reduces to some aspects of the organism’s activity Therefore, the 
problem of “defining the unit of response” exists for Tolman as it does for 
all behavior theorists From Purposive Behavior through the series of 
experiments on “spatial learning” (78, 79, 80, 81, 160, 173, 174, 175, 176) 
to his recent theoretical papers (150, 151) , Tolman has obviously felt that 
the definition of the unit, the specification of “what is learned,” was 
one of the major differentiators of his position In an earlier paper, we 
stated our own opinion as follows 


We early concluded that certain views which have been linked historically to 
Tolman’s formulation are logically unrelated to the “core ’ concepts of an 
expectancy theory Other views seemed related to Tolman’s formulation until 
efforts to fatmalvia them, mdveated. they: ^dependent status as 
well We shall merely list those dogmatically as “properties not definitive of an 
expectancy theory” 

1 Gestalt-configural stress 

2 Perceptual field stress 

3 Pure contiguity as a sufficient condition 

4 Specification of reaction class by reference to position, direction, or loco- 
motion (rather than by effector-properties) 

5 Discontinuity \iew of discrimination learning 

6 Insistence upon the learning-performance distinction (66, p 23Q) 

In a personal communication, Professor Tolman states lus agreement 
with us that four of these emphases are not crucial to his position, but he 
feels that two of them, the “Gestalt-configural stress” and the “specifica- 
tion of the reaction-class” arc basic points on which he differs from S-R 
theorists Consequently, we feel it necessary to digress for a somewhat 
more extended treatment of the response question before proceeding with 
our own formalization proposals 

To begin with, in dcn\ mg the crucinlitj of the response-definition as a 
mark of expectanej theorj, wc do not mean to suggest that there is no 
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problem here, or that Tolman tnes to solve it no differently from others 
tint no do think it incorrect for a Tohnamte to assume that S-R theory 
necessarily means an JJ-tcrm specified by muscJe-tiritehes, and that 
experiments indicating the utility of a more “molar’’ fl-term are, pnma 
facie, embarrassing to non-expectancy theories The distinction is not that 
simple, witness the fact that one major S-R-remforcement theorist 
(Skmner, 90) wrote a whole book in which the reports of raw data 
tell us, strictly speaking, nothing about the actual activity of effectors 
A glance at the experimental reports of Hulhan and neo-Hullian workers 
shows the same thing Levers are pressed and maze “choices" are made, 
and the observations arc narrated in these terms, for the contemporaiy 
S-R theorist operates with a "molar" (m the sense of levels 55) defini- 
tion of response and in practice worries very little about this aspect of 
his methodology It is interesting to note that Hull (38, 40) devotes no 
discussion to the question of what are “admissible" inodes of specifying 
R The Glossary of his posthumous book defines response thus “ R = 
response , an act of some kind” (40, p 358) However, it seems unlikely 
that all formulable 12-terms would be equally acceptable to Hullians 
(e g , the “act of some kind” being strengthened is "getting to the goal- 
box”) One meets clinical psychologists who are suspicious of the 
learning-theory approach to psychotherapy because they perceive S-R 
formulations as “atomistic,” as attempting to analyze personality into 
“discrete responses” rather than treating the “whole person ’’ These 
obscurantist attitudes spring at least in part from the inadequate atten- 
tion usually given to the methodological questions devolving about the 
response concept 

Any effort to clarify the response problem must begin by explicit 
recognition that, for all learning theorists and all experimenters, the "re- 
sponse” is a class This follows directly from a definition and a fact 
Learning is defined as a change in an organism which is reflected by a 
change in the strength of some specified way of acting, and it is a fact 
that no two (numerically distinct) intervals in the flux of an organism’s 
activity are absolutely identical in all of their properties Hence, any 
experimenter who talks about learning’s having taken place must be 
Classifying two or more occurrences as * instances” of this way of acting, 
in sn lt e of their detectable differences This is simple and obvious, but it 
„ one of those simple things which is easily forgotten and very clarifying 
when remembered As an example of the resolving power of this class- 
concept, consider the objections one sometimes hears that a bit of SB 
analysis “abstracts from the total activity,” and hence somehow distorts 
describing The obvious reply is that all description which names an 
Zhvitv and identifies its recurrence is already abstracting Two 'm- 
t nces” of any kind of behavior, classified at any level of molantj, arc 


unavoidably abstractions, in 


the sense that they select certain features of 
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the flux for attention and ignore others So when a critic voices this sort of 
objection to a given formulation, he must be made to see that all con- 
ceivable formulations would be subject to the same complaint, and that 
a claim to be telling nothing but the truth about an event is never a claim 
to be telling the whole truth about that event The individual, dated 
behavior-event is “unique”, the very concept of learning presupposes that 
we are willing to group these dated events under one class-name by 
virtue of certain common properties and neglect those other properties or 
quantitative variations with respect to which the class-members differ 
among themselves 

This leads directly to another important point in connection with the 
question of “what is learned ” It is evident that a given interval of the 
flux can be classified m more than one way, and that conjunctions and 
disjunctions of classes can be set up for study This shows that, at the 
purely descriptive level, there may be alternative and seemingly quite 
different ways of narrating the flux, all equally “ valid ” Some implica- 
tions of this for the learning controversy will be developed in the course 
of our discussion Tolman emphasized m Purposive Behavior m Animals 
and Men that his concentration on the lawful features of goal-seeking 
behavior “at its own level” was perfectly compatible with the usual 
assumption that the efficient causes of these behaviors lie in the physi- 
ology We must not assume that there are no intermediate levels of 
analysis between these two extremes, which would exhibit a lawfulness of 
their own Whether there is always some one “optimal” degree of specifi- 
cation of the response properties which will generate maximum orderli- 
ness as suggested by Skinner (90, p 38) is a complex problem which 
cannot be discussed here But it is an obvious mathematical possibility 
to obtain a very smooth curve of responding when the behavior is classi- 
fied at a more “molar” level, this curve being a resultant of the several 
curves which would be generated by counting responses further sub- 
classified at a less “molar” level These latter curves, perhaps equally 
“smooth” as the original, might individually share its form or instead 
exhibit other orderly (e g , cyclical) properties The idea of smoothness or 
orderliness invoked by Skinner in this connection seems to require some 
clarification before it can be rigorously applied to the problem of defining 
the response 

We begin with the complete stream of activity as it runs off in the time 
sequence, the nch, raw, unclassified flux of behavior Any arbitrary inter- 
val of the flux can be demarcated by time-points and examined for the 
presence of certain properties The operational specification of a descrip- 
tive property of an interval permits the use of words referring to the 
animal’s -visible anatomy, the desenptive words of the physical thing- 
languagc, and special words which we define explicitly in terms of these 
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Observation-sentences are formulated in these words, and must not in- 
volve even implicit reference to any other intervals of the flux There 
does not seem to be any cogent objection to the inclusion of words refer- 
nng to contact with environmental objects ("The rat put his paws on the 
lever”), or to orientation ("The rat turned his head toward the light”), 
or to locomotion (“The rat approached the tray”), so long as these en- 
vironmental objects and the organism’s relation to them are descnbabk 
by explicitly defined words or phrases referring solely to the interval 
under consideration If a rat is oriented so that his nose is pointing to a 
lighted circular disk, "locomotion forward in a straight line” is a Iegiti 
mate descriptive property of the ensuing ten seconds of the flux, and such 
a specification of R would presumably be just as available to Spence as 
to Ritchie 


It is perhaps noteworthy that more “complex” flux-properties are in- 
troducible without going beyond pure description For example, the "if 
then” (which is the "not unless”) relation in the sense of mate- 
rial implication (105, pp 23-28) is definable in terms of the (intuitively 
simpler) logical constants "not” and “or” or “not” and “and ” Hence, 
complex properties such as "Lifting the paw, whenever he has m the pre- 
ceding five seconds wiggled the whiskers, provided that ” etc , are 
clearly still descriptive Sequence specifications, with or without a metric 
time-property, are also admissible 

On the other hand, non extensional connectives such as "in order 
that ” or “necessitates that ” are clearly forbidden as going be- 
yond the descriptive properties of the interval If they occur, they must 
occur as theoretical discourse, not as pure description 

In practice, we do not begin by slicing up the flux into a huge (theo 
retically infinite) set of intervals and then by examining each one for 
the presence of the desired property There are certain sinking features 
of the flux which, in addition to our theories and our anthropomorphic 
identifications, help us direct our attention to some intervals and, for that 
matter, to certain properties That theory and anthropomorphism arc 
among the causal sources of our experimental attention is of course quite 
irrelevant to the question as to whether what we emerge with m our 


narration is itself purely descriptive 

Some of the more obvious features of the flux which make our tnal- 
and error not arbitrary but rapidly convergent on the relevant proper- 
ties and intervals may be briefly mentioned Suppose a non anthropo- 
morphic and non theoretical experimenter blindly plotted t.mc-hncs of 
numerous distances and angles in the flux eg, angle at elbow -joint, 
distance of ohm from floor) How would he “notice” promising regions 
of the flux, avoiding the trying out of tentative tf-classes which would 
be theoretically and predictively useless? 
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1. Inception and termination o) contact with an environmental object. 
The rat touches the lever and his pressing of it is usually followed by 
a breaking of this contact. 

2. " Phasic ” property: Most extreme excursions of any effector-position 
measure are followed shortly by an undoing. Rarely does rat or hu- 
man lift the head high or greatly reduce the angle at a joint without 
shortly reversing the change. The blindly plotted time-lines would 
thus exhibit a tendency for cycles and overshootings in returning 
from an extreme excursion. 

3. Segmental: An obvious possibility is to examine all intervals in 
which the flux shows changes of a considerable magnitude in the 
measures on a given limb or other anatomical region. 

4. Multimodal distribution: Distribution of excursions may be multi- 
modal. Thus, the distance of a rat’s nose from the ceiling can take 
on all intermediate values within a certain range. But the plot of 
this distance for numerous intervals would show a small mode near 
the upper extreme — these being chiefly occurrences of the explora- 
tory reaction “standing up, sniffing ceiling.” 

5. Intrabehavioral covariation: Families of the arbitrary time-lines 
would show concurrent variations of activity; e.g., “speech” involves 
a burst of excursions and cycles of reference points and lines on 
lips, jaws, tongue, diaphragm, glottis. Such a highly configurated 
pattern as a “shrug” might be isolated and recognizable after only 
one occurrence of it. 

6. "Achievement”: This very common, if not commonest, criterion 
raises such difficult problems that it will be separately treated below. 

Having found an interval I in the flux which is identified by its posses- 
sion of a simple or complex property P, what is “the reaction" (= R)1 
It docs not consist of the whole interval, because we want to be able to 
speak at times of several “concurrent reactions” all of which take place 
in the interval or an interval I # which overlaps I. If the property P in- 
cludes a specification of a certain body segment or effector-system, the 
reaction R may be defined as the movement of the relevant part(s). If 
P has been defined as a disjunction of alternative parts or movements, 
the reaction consists of those which verify the occurrence of P in the given 
instance. Thus, if “touching lever with paw or paws” is P, the reaction R 
is the touching by right paw when that happens, but if instead both paws 
had been used, the movement and touching by both would constitute the 
reaction. Note that we cannot speak of instances of the reaction R. The 
reaction R is dated, a unique, unrepeatable event in the flux. It has 
parts but it has no “instances.” Any parts of the reaction are in the 
relation of part-to-wholc to it, and link-in-chnin to one another; but not 
in the relation of class-membership to it. The R-class has instances, each 
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of which is a reaction Elsewhere herein we shall use the term "response” 
as a synonym for ‘‘R-cln=s," the family of reactions identifiable by their 
common possession of some property P 
We have now to consider the common procedure of defining an R-claSs 
in terms of achievement This practice ranges from the usually noii- 
controversial case m uhich the achievement is a simple, concrete mampu- 
Jandum-event (“Rat pressed the lever”) to very complex and debatable 
instances such as occur in describing human social behavior (“He kept at 
it until he had put Smith in Ins place!”) It is m this type of in-class specie 
ncation that the line between pure description and covert theorizing 
becomes difficult to draw It is here also that the lines of battle are likely 
to be drawn between Tolraanites and others insofar as the response be- 
comes an issue between them 

First of all, one must distinguish between what the experimenter both- 
ers to narrate (or is ingenious enough to discern) and what he can be 
confident is objectively the case In point of fact, any R class specified 
by achievement is a truth-function of a finite set of ^-classes specified by 
non-achievement flux-descnptions There is more than one way to get a 
lever down, but there is not an infinite number of ways (A “way ' here is 
a sub-class defined by fairly restricted effector topography, but necessar- 
ily allowing for certain quantitative variations over its own instances ) 
Whether we as experimenters have the skill or make the effort to state 
what they are, there is some finite disjunction of effector event clashes 
matched to any manipulation- (or locomotion-) attainment class Pre- 
sumably, this is why workers of varying theoretical persuasions seem 
equally coT&ioTiabte vnth> describing the two most commonly studied 
types of rat-behavior in achievement language The data emerging from 
Skinner- box work are obviously of that sort As for the maze, the word 
“turn” may perhaps be construed as an effector event word But the use 
of “choice” as a common synonym or electrical recording or opal-flash 
glass where we cannot see the rat, suggests that turn is, hke press, 


ordinarily an achievement-word 

The most hard-headed operationist can afford to be relaxed about this 
use of achievement-words m description because studying the quantita- 
tive laws of such achievement-classes need not (in fact cannot) commit 
him immediately to any particular theoiy about the learning process To 
the extent that docility with respect to a goal or sub goal is really imma- 
nent in behavior, really part of behaviors ‘immediate descriptive narp 

d woof (128 p 12) , all theoretical issues remain to be settled after 
such lehavioral 'descriptions have been gnen It is important to see that 
the lawfulness exhibited by attainment-specified B classes docs not im- 
nlv or even suggest, that the coordinated flux-disjuncts arc not lanful 
Nor does a finding that attainments show lanful changes tend to =hon 
that attainments, rather than the coordinated flux-disjuncts, arc “"hat is 
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really being learned.” From the fact that a rat presses the lever now with 
left paw, now with right, sometimes with teeth, we cannot infer anything 
about “what is learned,” but must undertake further behavioral analysis 
to tease out the conditions for occurrence of each of these topographies. 
After all, if a rat “learns to press with chin” and “learns to press with 
paw,” it is a logically trivial consequence of these statements that he 
“learns to press.” 


An achievement-learning may be interpreted as more than purely de- 
scriptive, of course. This ambiguity is impossible if the achievement- 
statement is applied to a single interval, since “At 12:07 the rat depressed 
the lever to the point that an electrical contact was made” is pure descrip- 
tion. It is not in terms of effectors, and it is very incomplete (“ab- 
stracted”) as a characterization of the interval. But it is pure description 
nonetheless. However, if I say “Over the hour the rat learned to press the 
lever,” it is not clear how much I intend. I may still intend pure descrip- 
tion, which expands to something like “Over the hour there was a sig- 
nificant increase in the rate of occurrence of effector-events which had 
the mechanical effect of depressing the lever.” This amounts to “Over the 
hour there was a significant increase in the rate of occurrence of [foot or 
teeth or jaw] contacts which. . . .” This is all quite innocent of theory, 
and the variations are matters of dividing the classes into finer classes, 
depending upon one's desire for detail in narration. 

The interesting question is, what else can the original assertion be 
taken to mean, which would not be purely descriptive? The alternatives 
are not so easy to list, but they vary from a slight inductive extrapola- 
tion, such as “If the rate of I2 x -disjunct declines, some other one R, 
of the whotc family of effector-cvent-classes coordinated to the attain- 
mcnt-c ass R t .will increase in strength enough to maintain the R L level 
««, yi » W- 211 ; 212 )” to a layman’s anthropomorphism that the rat 

-nnl?. 8 ,C „ ld ' a 13 A 0 6< i t the lovcr down and would tell us as much if he 
could talk. Even the simple inductive extrapolation about n compensa- 

'’“^tor-cvcnt-class is often used as a counterfactual 
to do ho P rCVCnted *<< then R > have been employed 

by the flux and to” l ,° WfuI rcMion not '"mediately established 

T Ms is one 1 7 at , thC obscrva tion-sentenccs. 

capable of bet °' " achicvcmcnt typo of description: it is 

ta P .™cntcanl 0VC r ntC T retCd - IIowcver ' ambi E UOU8 achievement- 
t .c rmakcr dot n, t cxpl,c , ntcd u ! 10n dcma " d - in order to sec whether 
arguments abml tt,7 lban .f 5 "* 1 * 0 "- then, are there any 

— i ^ "Z Lcav,a K , as ' d<; real disagreements as to the 
Uvc cxtmpolatioL on it “ ° Ut '° mCS ' tbcre »■* ba differing induc- 
inlcrprelations based dilTcrin E theoretical 

In a recent methodological paper (47), Kcndlcr rejects the question 
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“n lmt is learned” as being an unsuitable question for the learning theo- 
rist \\ e would prefer to take as a provisional hypothesis that arguments 
O'er what is learned” are about something, and try to tease out what 
this something is We would sec “what is learned” as what Carnap calls 
an expheandum (8, pp 513, 517-521, 531-532), the task being the formu- 
lation of some more precise evphcata as alternatives There is no cut-and- 
dried waj to do this, but for any proffered explication of the initially 
'ague question we try to see how the experiments usually cited in contro- 
versy and how the words used in associated discussion would fit In the 
end we will liar e formulated somewhat more exact questions even if they 
are rejected as not being “adequate" explications by the original protago- 
nists 


Proceeding thus, we may ask, “lVhat sorts of causal analysis of an 
achievement-statement would be rejected by those theorists who like to 
stress that the rat 'Learns to press the lever’?” Consider the classical 
experiments of Muenzinger (72, 73) on the lever-pressing behavior of the 
guinea pig, which Tolman cites (128, p 171, of also p 18) as evidence 
for behavior’s “multiple trackness” the use of alternative paths to attain 
a given end (achievement) Muenzinger studied the variations m the 
effector-pattern of a simple lever-pressing response through 1000 re- 
inforced occurrences, long after there was no further possibility of 
“improvement” insofar as latency, speed, or elimination of competing 


responses were concerned He classified the pressings into nine topog- 
raphies — three emphasizing left foot, three right, and one each with both 
feet, teeth, and “head” (lower jaw) Working thus at the asymptote of 
the achievement-class, he found what Tolman views as substitutability 
of means— a use and decline of strength among the competing effector- 
classes, this competition persisting throughout the course of the experi- 
ment Muenzinger himself believed that the habit should have become 
“mechanized" in the sense that one specific effector-pattern should stead- 
ily increase until all others are excluded, according to the law of effect 
and he argued for an interpretation in terms of the meanings assumed 
by environmental objects But how much does such an experiment actu- 
ally show? Examination of Muemungers tables shows that the sub- 
classes themselves are by no means chaotic in their tempera changes but 
exhibit a certain lawfulness What is to prevent the £ R theorist from 
saying that, after hundreds of trials ali o the topographies were at 
,,, , , __ iL.* whenever one fell momentarily behind there 

fairly high strength ■ S, to ’replace” it? (Cf 25, 91 ) The 

was always a comp 6 j, siunc ts did get the lever down, hence wero 
Domt is that all nine effector-disjuncvs a ’ 

all repeatedly reinforced At the time Muenzinger wrote, the laws of fre- 
quency and effect were stated more tfw&ly m any current 

^reinforcement theo ry, so Muenz.nger may have been quite right in 
fuppo ng that his experiment was adverse to them But does a more 
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sophisticated and elaborate effect-and-frequency theory have any obvi- 
ous trouble here? Suppose we view the “lever-pressmg” as the environ- 
mental outcome mechanically coordinated to a set of nine effector-event- 
classes Members of any of these nine “succeed,” 1 e , are reinforced If 
Ri and R„ designate two of these classes, does S-U-reinforcement theory 
imply that the “initially stronger” must come to dominate to the exclusion 
of the others? Consider just a few of the possible complications which 
interfere with any such easy inference 


1 


Ri may be stronger than R 2 initially but may have a lower asymp- 
tote 

2 Ri and R , , may have different growth rates Nor is there any assur- 
ance that higher growth rates will be associated with higher asymp- 
o es, an of course accidents of history” might reverse the order 
of either or both of the above m relation to initial strength 
The evidence (92) indicates that some .R-classes are “harder,” i e , 
mechanically difficult, requiring more work, or are even painful, so 
S « ^ “ ay , decllne faster “‘her with or without rem- 
sooner than R ‘ bave an ed ge m strength but fatigue 

mtui”i Umber of responses P ut out Per reinforcement (“extinction 
nrnhfthilit^f 68 T °z> ^ * ° ^ ence > a given reinforcement- 

tivem v T 1 WhlCh 13 not 100 per cent mechanically cffec- 
? 11 a ‘ “ Stable rate wtlch 1S lower than ° f 
an R 2 about equal in effectiveness 

"bluimJlm” 10 ^ °. r emotlonal Prevention of an Ri results in a 
straint i! S ° ?* at the mom entary rate when the con- 

143 n 711 f q n Ved 13 ™ uch ln excess of the previous rate (24) (27) 
when P a J ’ PP 350) ’ “ may be ‘hat a «m.lar effect occurs 
Sion In ttmf com P e ln S instrumental responses R 2 prevents emis- 
decrelLM 0 ! 86 “f, 01 numerous ^‘ors capable of transitorily 
G Sab™ C ° mpetlt0r may ! c a d ‘0 ■> burst of Ri 

- chiefly ‘wZr mc^f Wh ’° h ^ C0DS ’ d - 

R, 11 l0wer EchcduIe of reinforcement than 

to extinchon If 3t , rensth but ln thc extreme case greater resistance 
pus to aUer the fat f“ ° r a ded ' ne m dm. be- 

is lc^cncd thc v. l S 6 ,g btly so that their mechanical efficacy 

for all IT rCC ° Very occura nnd the parameters are not the same 

t»clj n ^^etacrf h po«, r H d 'J? 10n bCtWeen "'Poores a quantita- 
jramctncal Poss.bly thc increment m strength g.vcn to It, 
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due to a reinforcement of B 2 is not the same as that in the other 
direction 

10 In the earlier stages of learning, the increment in strength given by 
a reinforcement to an R of the less probable class will exceed that 
given to an R of the more probable class (other things being equal) 
due to the negative acceleration of the acquisition function, the 
ordinal number of a given reinforcement being higher for the ini- 
tially more probable R 


The interaction of all these factors, with suitable values of the numer- 
ous parameters involved, could lead to a very long senes of cyclical fluc- 
tuations m response dominance of the sort Muenzinger describes What 
looks in achievement-terms as one homogeneous mass of interchangeable 
“means-to-ends” may m fact be the resultant of a very complex series of 
changes composed of fatigue , rest , extinction, spontaneous recovery, re- 
conditioning, emotional upset, stimulus discnmmation, decline m drive, 
induction (43), response differentiation, and the like But after a long 
reinforcement history for a fairly “easy" response, there are always 
enough effector-classes at high strength to keep the achievement-.fi! stable, 
the w hole system being restricted only by the mechanical constraints of 
the apparatus and the drive-level of the animal 
Where would an experimenter preferring the achievement language 
stand on such an analysis? If he finds it acceptable, it indicates that his 
use of the achievement-language was purely descriptive, if he rejects it, 
we assume his use of the achievement-language springs from a theoretical 
preference The proposed analysis seems to require no learning construct 
referring notationally to the “achievement” as such— no intervening vari- 
able tied somehow to the situation ‘ lever-down " Its learning-theoretical 
elements refer only to the several effector-classes, and the relation of the 
disjunction of these to "getting the lever down” is merely a matter of 
causal laws in the science of mechanics, requiring no behavioral counter- 


Consider another case Suppose a rat has always used his teeth, ncier 
his paws, in the course of an experiment We muzzle him, find he presses 
promptly and at a high rate with h.s paws Even if we gne no further 
reinforcement, the paw-pressing continues to deielop a nice ex motion 
cu“ c Under Certain conditions, this would not be of any special rolei m.ee 
in The “what-is-leamed” controversy For example, if this rat has been 
accustomed in the living cage to operate a food-d.*pcn*er by means of a 
ac 01*7 t +0 ha ve u«ed teeth and paws m that setting, the S-R 
lever and is the experimental Ie\cr gets induced and 

theorist won "flmm to the home-cage denser, and is emitted 

afsoon'T the stronger member of the experimental h.crarehy (F«,s) is 
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prevented from competing with it. In general, an observed “multiple 
trackness,” “substitutability,” or “interchangeability of means” is not 
theoretically exciting when it can be shown that the substituted R is (1) 
already in the repertory and (2) under control of a discriminative stimu- 
lus sufficiently similar to the present stimulation to allow for easy stimu- 
lus generalization. “Sufficiently similar” is necessarily vague, but the 
principle seems clear. 

A second uninteresting case is response induction. If we know for the 
species that whenever Ei is strong R 2 is strong also (unless it has been 
differentiated) , the occurrence of R 2 as a surrogate for I?i in attainment- 
mediation is not likely to be invoked as an argument against an S-R 
interpretation. 

What other cases can arise? It might seem at first impossible to imagine 
any, for if the stimulus field resembles previously experienced fields 
which have acquired response control, the S-R theorist can invoke gen- 
eralization; and if it is so unlike the past to be “wholly new,” does any 
theorist predict substitution will be exhibited? Let us look more closely 
at the lever-pressing situation alluded to above. 

Sh: Home cage stimulus field (cup, dispensing bar, etc.) 

Sit Experimental stimulus field (tray, lever) 

R P : Operating dispenser with paws 
R t : Operating dispenser with teeth 
R' P : Pressing experimental lever with paws 
R 't : Pressing experimental lever with teeth 


Assume that S\'Rj, and Si m R t have never become strong in the home cage, 
because they were rarely or never reinforced with food. Both, however, 
have nevertheless occurred a large number of times in the pre-experimen- 
tal history. The pre-reinforcement strengths of SrR' P and Sr R't in the 
experimental box arc also very low. Now we strengthen S x • R' by rein- 
forcing in the box. Suppose that SrR' t does not occur in the box. This lat- 
ter is an ambiguous fact, since we cannot tell whether its failure to occur 
(once we have begun reinforcing “lever pressing”) is due to low strength 
or to the ascendancy of the reinforced competitor SrR' P . But suppose we 
now prevent R „. If R' t occurs more than for a suitable control, yielding a 
cu 7°> how d ° “explain" it? Wc cannot invoke stimu- 
•° m , S ‘' Rl t0 bccauso ™ tlmt &.*, is 

■ I genera izcd to the box as Si-iJ', it should be even weaker. On 

In a enulo nn K C ;- Can , W ° Sltnply inV ° kc induction from SrR’„ to &•«',? 

!"!! ECnS ^ 0f “ inducti ™ " this is the answer. If the rat 
streneth in e c mvc d °f ln ition” succeeded in inducing 

about? * S, ' R ' bj ’ CrSt 6trcn Ethening What is there to disagree 

Here again, as in the case of the statement "He learns to press the 



EDWARD C. TOLMAN 229 

lever," we have to decide between response induction as a descriptive or 
s an explanatory concept As description, there could be no argument if 
tne facts were as we have imagined But, of course, this broad descriptive 
use of the concept induction says almost nothing Any experiment— "m- 
sight/ problem-solving, concept-formation, maze-learning, complex ver- 
bal task— in which one response topography is strengthened indirectly by 
virtue of an operation we have performed on another, may m such a usage 
be dismissed as a case of "response induction ” All cases are covered m a 
rather empty and useless sense, and such a use would not be theoretically 
powerful because we cannot predict or control via it unless some rules for 
conditions which will yield such induction are stated If a rat behaved 
very "rationally and insightfully” in choosing a new route when it was 
made available, any theorist could shrug off the problem thus posed as 
merely a case of induction* It seems obvious that we ordinarily have 
some narrower meaning of the term in mind To help us get a lead on this 
narrower meaning, let us consider a senes of cases of such indirect re- 
sponse strengthening, asking which ones would make Tolmanites happy 
and not, pnma facie, gratify Hullians? 

a Soft pressing — » Harder pressing Once the class-character of all 
i2-terms is clear to disputants, this case loses its theoretical interest 
b Pressing down — - > Pressing sidewise This one is a little more in- 
teresting, but still would not cause much concern in the S-R camp 
c Pressing with right paw — > Pressing with left paw This case is 
more doubtful still 

d Paw press — » Teeth press We suspect most psychologists would 
rule this out as not a fair case ot response induction Ay f 


Inspection of this senes suggests that it is mostly a matter of topog- 
raphy We feel most comfortable speaking of induction when the related 
.ft-classes involve the same effectors and a fairly "similar” pattern of use 
of them, differing mainly in matters of force, distance, speed, duration, 
etc It is as if we have in mind some primary induction, comparable to 
primary generalization on the stimulus side, and based fairly directly 
upon the biology of the species Without an extreme degree of experimen- 
tal control and a veiy detailed, continuous record of the entire history of 
the organism, such a primary induction uould be hard to separate from 
any more complex or "high-level” basis for an indirect strengthening 
effect In principle, if know that R 2 has never occurred, and find that 
when we strengthen B u R 2 receives strength and can maintain itself for 
a time without further reinforcement, *e *ouId infer a primary response 
induction In practice, psychologists examine topography as a substitute 
for any such detailed record of the history, apparently a turning that if 
the topographies are too dissimilar, the primary' induction nould be negli- 
gible 
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Now it primary induction could be claimed from R p to R t , the hypo- 
thetical experiment would again lose most of its theoretical interest. A 
Tolmanite might prefer to think of the process in achievement terms } but 
the more “atomistic” analysis is no longer immediately threatened by the 
mere fact of substitutability of teeth for paws. Suppose, however, that we 
know enough about the species to be confident that primary induction, at 
least to the quantitative extent required, does not hold between R, and 
Kp. What, then, are the theoretical possibilities? One may flirt with the 
idea of S-R theory's adding a new postulate, dealing with “secondary re- 
sponse induction.” It might take some such form as the following: “If 
SiR l and SJi 2 are both > 0 (on the basis of separate histories of rein- 
forcement) , the strengthening of a new habit SJt, will induce strength in 
ff 2 j be y° nd a “y primary induction obtaining between R t and R 2 as re- 
lated topographies.” I.e., two responses acquire an inductive relation 
whenever they have been conditioned to a common stimulus. This strikes 
us as a rather odd sort of postulate for an S-R theory, but oddity is 
hardly an objection to it. The issue between an S-R theory thus aug- 
mented and an expectancy theory would then not be decidable on the 
Zf. 3 -Penments concerning "multiple trackness” such as the one de- 
m , . d ' If turned ° ut that other types of experiments supported an 
Sre a “’ perhaps the job done hy this special Postulate in 
3 ‘ , E Wltb multl P le trackness could be done by a derivable theorem in 

be nr!fer H 0336 the ,atter theor y ™uld, “teris varibus, 

x '™ ' Whether multiple trackness can be derived without special 

Z ZoSf ‘r 0 * yPe ° f ex P ec tuucy theoiy here proposed 

must be considered after we have presented the postulates. 

certain “choi U ce” H achieVement occurs in the description of 

r fs (74) s em,'^ ^ The behavior of Nissen’s chimpan- 

iZ us card ” wl,erc th Ch “- d "approaching the white 

of the wM”tS^ ? “selection” 

are mcreasinp in slrmirtVi- t ,, and —> Knight 

ing white card”) i, if™ • 1° Say that tbe «*Ponse R w (“select- 

card”) is not. Nissen showsfhift ev fZif ' h W ?' le Rn t“ 6elect ing black 
arrangement of the nrom t d *• cc . c . nt ' f ron sfcr occurs when the spatial 

If wc E baveclf s ™t“ E0 rt’7',’ * UP : d °™ rath - «>“ left-right. 

pcrimental result would so • 'Inscription, the prediction of the cx- 
in the preceding discuJoZr ° ,n '? 1 '' e Problems similar to those raised 
second type of description is fZ iff tra ' bness j n Icvcr-prcssing. The 
explicit reference to the stimy I C ° tb f sc difficulties, but it requires an 
epanse. « * » ^actcrication o, the re- 

"Inch does not seem so carilv reform,,! t ach,cvcmcnt language, and one 
ca-uy refonmilaterl in non-achicvemcnt language 
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d'ffioultshMv fob !ocomo ( tw ° toward a J'ght Some of the theoret.ee! 
N.s S entTh « w encountered m such a refonnulation are treated m 
■iNibSen s thought-provoking article 

ooL e J 0 K ClUde u hl8 Iengthy but unavoldaWe digression on the response 
concept by emphasising the complexity of the problems and the fact that 
some ot them still await analytic or experimental solution For our own 
purposes in what follows, we shall use the symbol it in a fairly broad 
sense Locomotion, orientation, and the kind of "achievement" class that 
can be specified by wholly descriptive language (including language de- 
scribing manipulandum events) and which refers wholly to the currently 
occurring behavior, are admissible sorts of Ji-class Language which refers 
even implicitly to the properties of other intervals or to stimulation not 
present to the organism at the time the response is being emitted, is ex- 
cluded We do not believe that these rules arc either so narrow or so wide 
as to prejudge any significant theoretical issue 

The reader who is accustomed to having his non expectancy theories 
served up with such verbal adornments as “mechanical,” “blind,” “helter- 
skelter,” or "meaningless” will be disappointed Making psychology “ like 
physics” is very probably an overly ambitious aim, but one easily av .vi- 
able way for us to work at it is to dispense with these obfuscafors Thus, 
if we want to distinguish in what follows between an expectancy and n 
stimulus-response connection, we shall not find it necessary to label the 
latter a u mere stimulus-response” connection Wo would not take Tol- 
inan’s approach as a serious scientific one unless lie assumed tint its 
spirit could be caught by the postulate proposals them 'dies, nithout 
bolstering it with an} such verbalisms 
We have concluded that the usual distinction "5-5” versus "S-R” 
should be sought in the more complex relations among constructs, i e , 
their role in the whole system of laws, rather than in any differences m 
how the empirical variables arc defined Thus, we shall argue that the 
concept expectancy is more conveniently introduced by implicit definition 
than by an} such direct "operational” reduction sentence ns that em- 
ployed b} Tolman, Ritchie, and Knlisli (173) Even if the supposed "op- 
erational definition” were an acceptable one which « have argued a bo u> 
it is not, it does not seem to us a step in the fruitful direct, oa f« there 
nothing in common between an "cxpcctanc} ,n the spatial teaming pro!,- 
lorn and an "cvpcctnnc}" m the Skinner box? If not, definition o' 
cvncctnnc} would he tied to a certain do, gw, in n wnv which can Inn'!, 
be the intention of n general (boon Of cour-c, another reduction -e-te ee 
can be written for the Skinner box and the -nmc word u-cd Hut f , 

Tolman has m mmd? rrenmnbU sot c permit law, c’ ost 
expectance- are env i-agod hv not, then, make the eor ee,.- g, -cm! in 
the fir-4? 
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One difficulty with contemporary learning theory is that our ammeter- 
reading is an animal's “response-strength”, the behavioral analogue to 
tne Pf ysics of the ammeter (or, better, of the whole experimental circuit) 
would, strictly speaking, have to include the answers to all the questions 
m the above list, and in the present state of our factual knowledge it sim- 
ply does not 


u ^ ls easy > for example, to wnte an “operational reduction” of, say, 
expectancy ” We may take a Carnap reduction pair (7) as our model, 
and treat “this rat is hungiy” analogously to "this sugar-lump is soluble ” 
But this is too easy Carnap could get by with it because (1) it takes very 
little to specify the conditions, and (2) the specified conditions are readily 
realizable When Carnap says “If put in water, then, 'It is soluble' is 
equivalent to ‘It will dissolve,’ ” no one needs to be told that, e g , the 
solvent used as a test-substance must not already be a super-saturated 
sugar-solutionl This kind of example presupposes a whole set of "obvi- 
ous” and “unstated” test-conditions But the point is that they can be 
stated, and their own test conditions given by additional reductions, upon 
request We, unfortunately, are not in comparable circumstances In order 
to make "This rat is expecting food at L” equivalent to "He locomotes 
to L,” we have to include such statements as ' This rat is not frightened ' 
and 'This rat is not angry" and 'This rat’s exploratory-dm c with re- 
spect to M and N is near-zero” among the realizable test-conditions To 
the extent that the law-structure defining them is incompletely worked 


out, this task cannot be immediately carried through Of course, one can 
take a super-conventionalist line and flatly claim that he offers the rcduc- 
tion-pair as his introduction of the notion “expectancy No one can 
quarrel with such a definition, since (at least if it is a bilateral reduction- 
sentence) it makes no truth claim But within the context of disemeo, 
we like to know that a proposed formalization catches the intent of the 
initially vague expheandum, because as a matter of scientific histoo, if it 
does not, it may have lost in conceptual fnutfulne « nhat it gamed m 
precis, on Philosophers of science of different have pecans arc st ll 
agreed that it is easier to «ntc merely operational definitions than to 
J.1 definitions that lead to the po<s,biht> of powerful 
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tion approach, via a -whole system of postulates, to the more “direct op- 
erational reduction” attempted by Tolman, Ritchie and Kalish. It will be 
evident that the incomplete formalization which follows does not attempt 
to include guesses as to the causal laws defining such constructs as “ex- 
ploratory drive” and “frustration.” Experiments aimed at testing the 
proffered system can, at best, claim to have (1) eliminated or (2) ran- 
domized, these unreduced factors. If any particular “test” experiment 
(pro or con) is then criticized as not having actually achieved the neces- 
sary elimination or randomization, such an ad hoc claim must then be 
itself formulated so as to permit an experimental test, new postulates 
being added for the purpose of defining the hypothesized nuisance factors 
in the given setting (and, if possible, more generally) . We suggest that 
the present approach via implicit definition allows for these accretions 
with less violence to the basic theoretical structure than is the case with 
allegedly "direct, operational” definitions of the core constructs of the 
theory. 


There seems to be no justification for leaping from Tolman’s near-zero 

degree of quantification to specific guesses at high levels of quantification. 

We have tried to carry him to around level (3) as a starter. 

; n . c ^ nsi o dering an informal system such as Tolman ’s, one must try to 

catch the flavor, get the kernel, isolate the kind of thing that seems to be 

stressed, and then say it in a reasonably specific confirmable form. In 

oing so we must be prepared for the objection that "But that isn’t quite 

w lat Tolman means.” It is not easy to state precisely what Tolman 

means, and in many cases he has not intended to express an opinion on 

pomts which an annuitization must ultimately say something about. 

„ h V'l’ ‘f ™' d f C P, resum P tu ™s to offer a formulation of somebody 

nnsw if anT / T “ himSelf ' 0n the other hand - would be sur- 

™et of tbenZ 1 Sy 0t pr0 P°? als ’ as a basis for a spec- 

formalized set -whi h ***? n ° exact isomorphism with a more 

lormaiized set which actually did the job 

fretrrZ^nV- 1 ^; T content may be used 

working with Tolmn T'T 8 °t fo! ™ulations. This is especially true in 
of disced Xibe 8 TT® he himseIf P r °ceeds thus in the context 
\LZ7or ttV 1,6 °“? S3 ’’ ° f a Tolman type of forma- 
tions than is the case ^dth other th 2 "^ 5 C '° Ser t0 h ' S intros P ec t ive n0 ' 
more closely to our mm t ^ e . ones » su ggests that we might attend 

firmer grasp ° f behavior ” hite trying to get a 

proach. Such crutches are not 'T ‘ n the ex P ectanc y a P* 

at, and are not to he re -u ’ caurse ’ P art °f the formulation arrived 

As the worf e^ect is ZSv ^ CVa,Uatin S tha ‘ h -ry. 
elements. When one says "I cxnccttefi H j b ° S ? en “ s mvolvin B 
referring implicitly to ^ 1 10 f ° od ln thc refrigerator,” he is 
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field bearing complex statistical relations to the physical situation. How- 
ever, neither of these simplifications seems clearly more characteristic of 
Tolman’s than of any other theory. A probabilizing treatment of “stimu- 
lus-elements” [such as Estes (26)] could be carried out within an ex- 
pectancy frame as well. 

The expectandum is also really a class of proximal stimulus fields, the 
members of which are dated occurrences. If one says loosely “an occur- 
rence of the expectandum,” he means the occurrence of a member of this 
class of proximal stimulus-fields which the organism realizes by entering 
into a certain physical relation to the named external object. Strictly, of 
course, this external relation also has a class-character. Often, as is also 
true of the elicitor, the expectandum will be alluded to in terms of physi- 
cal objects. But this is always understood to be elliptical, and in any case 
where it makes a difference the term should mean a proximal stimulus 
class. 

An expectant is a unique, dated occurrence of a sequence in which Si 
(elicitor) occurs and arouses a central state (riS 2 ). The aspect, “com- 
ponent” or phase of the central state designated by s 2 , is an expectate 
(thus, also a unique, dated occurrence) . 

A disposition to have expectants of a certain sort (i.e., characterized 
by components Si,Ri,S 2 ) is an expectancy. It must be understood that 
these remarks are in the nature of preliminary explications, since they are 
manifestly not “operational definitions” in behaviorese. Such concepts as 
these are finally to be defined by the whole system of postulates in which 
they occur. Therefore, in the present volume they remain very incom- 
pletely defined. 


Si (the elicitor) is obviously to be characterized in the usual stimulus 
language, and Ih in the response language. While S 2 (expectandum) is 
a stimulus, in what language is its central representative (s 2 , the expec- 
tate) to be characterized? Four “languages” are available: 


(1) Physical stimulus language. 

(2) Response language. 

(3) Physiological language. 

(4) Phenomenal language. 


t to wl,,t ,or^h qU1Ck ^. mmatcd as candidatcs - There is serious doubt 
lo rt r n e unH ‘ ° “I “ <4) "' hich is not rca "y (1) ™th the subject 

us Ts Lanmn ee roT mS ‘ rU<:tion8: and in aay aa se the rot hasn’t told 
sponge* thco^Tf \ T' d th ° P ° int by tu ™"S bock to a re- 
13) will be fine r ° ° ° f r ° non - cx P cct »ncy formulations). Language 
WC BCt “> alt,1 ougli Probably even then not the most 
“cm'e sugg^m-lr^ 3 ; 7* lcavcs (1 >’ « what common- 

for a description of tl* j d ° y ° U cxpcct arou nd the comer?” calls 
- P n of the objects and events that will bo there. It is also 
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convenient to have the expectate in stimulus language since at some stage 

f]n „ “ atter ° , ex P ectancles ” it will come up for quantifies. 

n ( how well did the environment confirm the expectant?”), and it 
Will be desirable if the same qualities and dimensions are available in 
discussing both the expectate and the confirming (or disappointing) en- 
vironment 

Thus, to characterize the components of an expectancy we will ulti- 
mately require three sets of properties 


& — Properties characterizing the ehcitor 
— Properties characterizing the reaction-class (= response) 
S 2 — Properties characterizing the expectandum 


The entire central state aroused by the ehcitor Si is the “expectant” 
(siriSo) While the denotatum of 52 is a neural event, in its role as a hypo- 
thetical construct it is characterized by a set of stimulus numbers, just 
as the dimensions needed to identify the subscript R m sHr are move- 
ment dimensions, although b Hr as a hypothetical construct itself is a 
central state or, as Brown and Farber would view it, a “calculational 
device” ( 4 , p 467 ) This sort of oddity seems to be the fate of a molar 
behaviorism and all one can do is try to get accustomed to it There seems 
to be nothing methodologically wrong with it, since the presence and the 
quantification of a particular expectancy is inferred from the strength of 
a disposition to emit R x in the presence of Si provided the terminating 
stimulus S 2 is currently valenced That is, the central construct (S1F11S2) 


is tied to certain sets of data sentences about Si, Ri, and S 2 When these 
throe syz&b&ls occur cc&jconed w* the brackets 1, they (jointly 0 denote an 
expectancy , which latter is a theoretical construct and hence not in data 
language But when we want to know “which expectancy” is being talked 
about we need a notation which Jinks us up to the ultimate coordinating 
definitions in data language The expectandum, a proximal stimulus class, 
has stimulus dimensions, when the same capital letter occurs in the 
brackets, it does n otr-could not, for within the brackets it has no inde- 
pendent designating function at all 

The following skeletal set of 1 postulates," with accompanying bnef 
comments, illustrates how the expectancy-concept might be introduced 
We have kept fairly close to Tolman's language to avoid yet another new 
vocabulary Each “law” contains sub-pnnciples of varying independence 
The term monotonic is to be understood throughout when functions are 

^l^Mnemonization —The occurrence of the sequence 5 , -* Ri S 3 
(the adjacent members being in clo<e temporal contiguity) results in an 
increment in the strength of an expectancy (S t R,S 3 ) The strength in- 
1 decelerated function of the number of occurrences of the 

sequence The growth rate is an increasing function of the absolute ' aluc 
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of the valence of S 2 . If the termination by & of the sequence Si -» Rx is 
random with respect to non-defining properties of Si, the asymptote of 
strength is ^ the relative frequency P of S 2 following Si -» R\ (i.e., a 
pure number) . How far this asymptote is below P is a decelerated func- 
tion of the delay between the inception of Ri and the occurrence of S 2 . 

Comment : This is one of the “basic acquisition postulates” for an 
expectancy theory, playing a role similar to Postulate 4 in Hull's 1943 
set. We have taken as a first guess the assumption that the valence of the 
expectandum affects rate of acquisition only, not asymptote. In common- 
sense terms, if an animal confirms an expectancy often enough he will 
become “certain” of it whether it is valenced or not although, if it is not 
highly valenced, this process may take a very long time. The “absolute 
value” refers to the supposition that strong negative valences also yield 
rapid growth of expectancies, although presumably this will ultimately 
have to be greatly qualified by additional postulates concerning emo- 
tional “disrupting” effects. 

Professor Tolman (personal communication) raises the question 
whether the third sentence, referring to the dependence of growth rate 
upon expectandum valence, is meant to imply that zero valence of S 2 
would mean zero growth. If so, he states that he would be in disagreement 
with it. We have left this question open deliberately in our phrasing of 
the postulate, to emphasize our own view that the necessity of reinforce- 
ment in the acquisition of “whatever is learned” is not the defining prop- 
erty of an S-R theory, nor is a denial of the necessity of reinforcement 
for learning the feature which defines an expectancy theory. We agree 
with Spence (97) that the issue "S-R versus expectancy theory” is 
logically distinct from the issue “reinforcement versus contiguity-as- 
sufficient,” and we are taking the first issue as crucial in what follows. 
Confining the discussion entirely to instrumental learning, it seems that 
four possibilities can be sketched a priori for the forms of learning theory, 
thus: 


Reinforcement issue 


..... 

construct (“what 
U Icamwl”) 



Reward necessary 

Reward not necessary 


for the acquisition 

for the acquisition 

Habib: S-R 

Hull 

Guthrie 

connection* 

Miller 

Skinner (Typo R) 


Expectancies: SRS 
connections 

? 

Tolman 




cho.cn that dn - 0 when |V| = 0, we would have a theory to fill the lower 
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3effc b0X If Ji > 0 when l V l = 0* we h ave Tolman The veiy fact that one 


can adopt the entire set of postulates and then make his guesses about 
this question within the expectancy frame seems to us the more reason 
for rejecting the “necessity of reward” as defining a major theoretical 
issue The acquisition postulate might be, say, of the form (SRS) = M 
[1 e - < fl +* F )»] and it is hard to see the argument between “map” 

theories and “response” theories as somehow concealed in the question 
whether the constant a is exactly zero or instead is near zero It is an in- 
teresting question why, historically, the above table has an empty cell 
The matter of asynchronism between Si and R\ has been ignored except 
insofar as “close temporal contiguity” is required, since we are here 
dealing with instrumental (operant) learning only The reference to the 
valence of S 2 attempts to do some justice to the insistence of Leeper (53, 
p 105) and Tolman (151, p 150) that the animal’s cognizing of an ex- 
pectandum depends to some extent upon the latter's “importance” to the 
need-state, without prejudging the exact quantitative question just dis- 
cussed It will appear later that this is not, as a superficial analysis 
might suggest, tantamount to admitting the truth of some non-expectancy 
theory Note also that the present form includes a reference to confirma- 
tion-frequencies < 1 , since such cases are by far the commonest in “real 
life ” Such less-than-mvanable successions generate expectancies of 
lower strengths, which in turn lead (via the activation postulate below) 
to lower instantaneous strengths of response Of course, if the probability 


of S 2 is non-random with respect to some property of S u we are in effect 
V 15 a, discrimination between two ehcitor subclasses Si' and St", 
and hence must reformulate the problem in terms of two expectancies 
There must also be the possibility of a time-reference in the ehcitor-term, 
to take care of those temporal discriminations reflected in curves obtained 
under periodic reinforcement Similarly, if there are non-defining prop- 
erty of B with respect to which the S 2 probability is not invariant, vie 
deal then with a problem in response differentiation, i e these properties 

become defining P^" 0 “ Z Z—^htat the 

smgk postulate leads to a gradual drawing apart in strength We have 
single pus nrinriDle of mnemonizatwn following Tolman’s dis- 

t,nctfoo (1932fbetw P een S.s process and the other two cognition forms 

“wered n a e radical addition to this postulate which would 
^ the rate of expectancy -growth depend not merely on the valence of 
maKe of aU t he approximately simultaneous stimuli, and 

S 2 but on t m be foun d U na\ oidable But after the first occurrence 
such an addi ^ (&S*) nhere the star superscript indicates 

of a sequence £1 ^ the expcctandum S* will have an induced cathcxis 
that S* is va e ' 
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(see 6 Secondary Cathexis below) , and the response will, in addition, be 
receiving strength from the expectancy ( SijRjS *) Hence experimental 
evidence for the suggested addition would be hard to get, requiring either 
a very sensitive operant or large numbers of animals 
2 Extinction — The occurrence of a sequence Si -> R lf if not termi- 
nated by S 2) produces a decrement in the expectancy if the objective S 2 - 
probabihty has been 100, and the magnitude of this decrement is an 


increasing function of the valence of S 2 and the current strength of 
(SiRiS 2 ) Such a failure of S 2 when P has been = 1 is a dtsconfirmation 
provided ( S iRiS 2 ) was non-zero For cases where the S 2 -prob ability has 
been < 1 00, if this objective probability P shifts to a lower P', and re- 
mains stable there, the expectancy strength will approach some value 
— P' asymptotically 

Comment This principle is in particularly poor shape, and we would 
perhaps do better to over-simplify by ignoring anything but expectancies 


near 1 00 at this stage The principle is qualitatively analogous to the 
usual extinction principle m non-expectancy theories The notions of in- 
hibition and energy- expenditure are not, however, introduced To do so 
in this context would depart too much from the spirit of an expectancy 
theory We are not primarily “tiring out” responses, we are instead 
learning that S 2 no longer follows unfailingly ” The undoubted relevance 
of the work parameters and the whole problem of spontaneous recovery 
must somehow be dealt with by an expectancy theory, but will better be 
fitted in somewhere else than here Three different components of this 
question may be tentatively distinguished First, we will have (as in this 
postulate) the reduction of the “cognitive” strength of the expectancy by 
a ai ure of the usual terminator Secondly, we may assume that there 
are some work-related consequences of movement similar to Hull’s I Kr 
w ic cpress effective reaction-potential without altering expectancies 
1US , 0CS no ^ a ^ er 8 ^ p ln Hull) Thirdly, there is a possibility of 
parameter being required in the equation for S E„, 
Suel. n n 1 r °i 1 ' an5 ^' IC?tl0n 01 " “accumulating consequences” of work 
also c n r“l, a0Uld , n0t b ° confined to extinction effects but would 
whether tlu> *1 i"i ordlnary determination of a rate of responding, 
tinuous (cf 91,'p U 202) relnfo! ' ccment " cre Poodle, aperiodic, or con- 

the dcpcndcnuTnl'l ° D " anxlety ” to anc h°r it more adequately on 
of "Law of ° E1 e ’ wc nould be tempted to insert here some kind 

(S,n,S4 if S^1 P „ P0 T mCnt , Th ° occumnca of o discontinuation of 
be „g an ~Jr' V '“'? CC ar0USCS anxlcty - thc -mount of anxiety 
TLTthe OH 0 'f nCC „° f , thC -pectandum S, ” 

lems In the msp nf V decline from P to P* presents special prob 

option of fa) snenl, * 'f hcd f ulc of P cnothc reinforcement we have the 
option of (a) speaking of a fam.lj of expectances, the el.e.lor of each 
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being made to include time, rate, or serial position as a "stimulus" 
anable (cf 90, pp 263-265) ; or (6) speaking of some sort of generaliza- 
tion gradient from the strongest value of a single expectancy. But on an 
aperiodic schedule these possibilities are not available, at least in any 
obvious way. Common sense would say, “If the rat gets a pellet eveiy 
time, a diseonfirmation will be noticed. Similarly, although with a slight 
vagueness because he cannot differentiate time precisely, the rat notices 
a failure to deliver at the end of four minutes. But if the administration 
of Sg has been random, he must be kept on the new schedule for a time 
before he lowers his anticipations.” These problems remain to be taken 
op constructively, but the skimpy state of present evidence hardfy 
justifies an attempt as yet. 

Another interesting possibility is that of inducing negative cathexes via 
the diseonfirmation operation. There might be some principle to the effect 
that “Diseonfirmation of an expectancy ( SiRiS 2 ) by terminating the 
sequence Si -» Ri by a non-valenced stimulus (or, less-valenced) S k 
instead of 52 induces a negative cathexis in S k provided that the expectan- 
dum S 2 had a positive valence at the time of the diseonfirmation. The 
increment given to this negative cathexis (or, more generally, the decre- 
ment given to this cathexis) is an increasing function of the valence of 
S 2 , and the negative valence given 5* by this negative cathexis will covary 
with subsequent change in the need which gave 5 2 its valence.” Such a 
principle might be used to deal with the Kendler-Mencher data (49), 
where each sight of food in the “wrong” cup meant disappointment of the 
water-expectancy. One thinks also of the oft-cited “disappointment” of 
Tinkiepaugh' , s (109) monkeys, or Crespi’s work on shifting to smaller 
maze rewards (15, 16). As stated in the postulate, the idea is that the 


single diseonfirmation produces a decline in a near-unity expectancy. It 
also produces a decline in a weaker expectancy which is, however, ap- 
proaching unity as an asymptote under a continuous schedule (P 2 « 
1.00). But in this second case the absolute decrement is less. In both cases 
the decrement also depends on the valence of S 2 . If we have a P 2 < 1.00 
to start with, the single “diseonfirmation" cannot play such a role, as wc 


have just discussed. 

3. Primary stimulus generalization . — When an expectancy (SiRiS^) is 
raised to some strength, expectancies sharing the Ji and S 2 tcrms and 
resembling it on the clicitor side will receive some strength, this generali- 
zation strength being a function of the similarity of their clicitors to S,. 
The same is true of extinction of (SitfjS*)* 

Comment: This again plays a role similar to that which generalization 
plays in a non-expectancy sj'stcm. It seems repugnant to common scn*e 
in one way, namely, that wc do not seem to expect 5- when Sf is "simi- 
lar” in certain cases when we can ” tell it apart from” 5,. But this 
common-sense objection seems to be mainly true of our expectation* re- 
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garding places. Perhaps some additional assumptions as to long-term 
breaking down of generalization tendencies, i.e., a reduction in the para- 
meters themselves, may be needed. 

The use of the non-committal term similarity instead of a reference to 
units on a particular stimulus continuum is deliberate. The postulate is 
intended to cover a host of specific perceptual laws, each to be separately 
investigated. No reference to the acceleration of the generalization func- 
tion is here appropriate; the many sorts of abscissa-variables which will 
occur in these gradients of “similarity,” and a certain arbitrariness in 
their quantification, make untimely a reference to the sign of the second 
derivative of such gradients. 

Tolman has been accused of referring vaguely to “laws of perception” 
when the problems of generalization and stimulus equivalence come up. 
To be sure, this is what he does; but it is not clear just who is in a position 
to criticize him for it. There is a serious question as to whether anyone 
else does more than this (validly) for any but the simple, one-dimen- 
sional case. For this simple case, a decay function against abscissa 
stimulus values (whether in absolute units or j.n.d.’s) may be substituted 
in the above postulate by the reader who wishes to do so. 

4. Inference . — The occurrence of a temporal contiguity S 2 S* when 
(SiRiS 2 ) has non-zero strength, produces an increment in the strength of 
a new expectancy (S1R1S*) . The induced strength increases as a deceler- 
ated function of the number of such contiguities. The asymptote is the 
strength of [81R1S2) and the growth rate is an increasing decelerated 
function of the absolute valence of S*. The presentation of S2 without S * 
weakens such an induced expectancy S1R1S*. The decrement is greater 
if the failure of S* occurs at the termination of the sequence Si — > Ri 
— * than if it occurs as a result of presentation of S 2 without S* but 
not following an occurrence of the sequence. 

Comment: We believe that this is the sort of postulate whose presence 
contributes heavily to the identification of an expectancy theory as such. 
The term “expectancy,” while it occurs in the Law of Mnemonization, 
cannot immediately be distinguished in its empirical consequences by its 
role there, from the alternative “habit” or “S-R bond.” From reading the 
law of mnemonization one could see no good reason for including S 2 as 
part of the expectancy.” For if the valence of S 2 depends jointly on 
need and cathcxis, and the latter is not being experimentally manipulated, 
then the only really relevant use of the valence of S 2 is in the acquisition 
postu ate, where wc can often make S 2 play the role of the “reinforcer” 
and drop any reference to it in characterizing that which is being thus 
strengthened. 

In ruck a case wc would have reduced (SiR,S : ) to S H„. But the role 
mi expectancy trikes on by virtue of the occurrence of ,S ; in the Inference 
I ortulftte, and by the kind of strengthening operation this makes T'OSsi- 
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ble Permits it to behave m the entire system m a new way This new 

to y Tt ^ *u nd ” (SlRlS 2) corres P° nd m lts properties more 

to what Tolman (and the layman) seem to mean by an ''expectation," 
and less to the usual psychological definition of a “habit ” 

The common sense of the situation is obvious If one has learned to 
expect that he can bring about a certain situation by doing so and so 
and then (subsequently) he finds that a new element is to be found m 
that situation, he "infers” that be will be able to bring about the presence 
of this new element by doing so and-so It may be objected that this 
differs from the idea of secondary reinforcement of an B H R only in the 
time-order of the two acquisition procedures In the usual case covered 
by the “secondary reinforcement” concept, we first pair a known rein- 
forcer S * with a neutral S2, this pairing is said, by the principle of 
secondary reinforcement (a postulate?), to confer the "reinforcing prop- 
erty” upon Si When we now terminate the sequence Si — > Ri by pre- 
senting S 2 , the basic principle of reinforcement can then be invoked to 


derive the consequent strengthening of Bl H R , Expectancy theory pro- 
ceeds almost identically by use of the principle of secondary cathexi s In 
the other time order, we first run off the sequence S, -» Ri -» Si 
repeatedly (observing no increase m the tendency of Si to elicit Ri) Fol- 
lowing this, we pair S 2 with the vaienced S’, but not following runnmgs- 
off of the sequence This pairing confers the "reinforcing property” upon 
Si, but there is no principle which we can now apply retroactively to 
strengthen the bond between Si and Ri “Only” the time order is what 
makes the big difference One order is easy for both expectancy and non- 
expectancy formulations, given a postulate or corollary of secondary 
reinforcement The other order is practically impossible for non-expect- 


ancy theories except by an introduction of additional responses as 
mediators After all, there is a sense in which time-relations are the 
essence of all learning theories, since they all make use of the basic rela- 
tions of contiguity and temporal succession For instance, if an associa- 
tion of topographically unrelated elements took place on the basis of a 
"contiguity” involving a five-year interval, all theorists would be equally 
stupefied The time-relations are the crux of learning situations, so an 
objection that the difference is “merely one of time-order” cannot be sus- 


We have ignored here the generalization problem It mu«t be supposed 
that contiguities of S' and some fourth stimulus S/ will induce strength 
in S1R1S' provided that £- and Si’ are sufficiently similar Perhaps a Law 
of Primary Generalization should bo stated for cxpectanda as welt, as 


^ S Generalized inference —The occurrence of a temporal configuify 
S-S* produces an increment in the strength of an cxpccfaacy S,R,S’ pro- 
vided that an expectancy S,R,Si’ nas at some strength and the cxpcctan- 
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dum S 2 ' is similar to S 2 . The induced strength increases as a decelerated 
function of the number of such contiguities. The asymptote is a function 
of the strength of SJhS 2 ' and the difference between S 2 and S 2 '. The 
growth rate to this asymptote is an increasing decelerated function of the 
absolute valence of S*. 

6. Secondary cathexis. — The contiguity of S 2 and S* when S * has 
valence {V| produces an increment in the absolute cathexis of S 2 > The 
derived cathexis is an increasing decelerated function of the number of 
contiguities and the asymptote is an increasing decelerated function of 
|V| during the contiguities, and has the same sign as the V of S* . The 
presentation of S 2 without *S*, or with S* having had its absolute valence 
decreased, will produce a decrement in the induced cathexis of S 2 . 

Comments: This is “secondary reinforcement,” and in Tolman’s 1950 
language some mixture of the learning of cathexes and equivalence- 
beliefs. Since we have been unable to distinguish these two to our 
satisfaction, we have put them into one principle. They also appear 
somehow fused in the principle of Elicitor-Cathexis below. 

The induced cathexis presumably cannot be said to approach an 
asymptote which depends only upon the cathexis of the primary stimulus 
&*, since under low drive we would expect that contiguity to confer less 
induced value upon S 2 . Hence, we have made this asymptote hinge upon 
the valence (cathexis-need combination) of £*. But the reasoning here 
is not so evident as is sometimes thought. A more daring guess would be 
to rephrase the asymptote reference and say . . and the asymptote is 
that of the inducing cathexis,” ( not valence) . This would mean that if a 
neutral stimulus is repeatedly paired with a strongly cathected goal- 
object but under low need, a subsequent rise in need should give the 
(now) secondarily cathected stimulus the same large valence it would 
have had if the pairing had taken place under high need. 

7. Induced elicitor-catkexis. — The acquisition of valence by an cx- 
pcctandura S 2 belonging to an existing expectancy ( SiR iS 2 ) induces a 
cathexis in the clicitor Si, the strength of the induced cathexis being a 
decelerated increasing function of the strength of the expectancy and 
the absolute valence of S 2 . 

8. Confirmed elicit or-cathexis. — The confirmation of an expectancy 

(S 1 R 1 S 2 ), i.e., the occurrence of the sequence R x _» s 2 when 

(SiRiSA is of non-rcro strength, when S 2 has a positive valence, produces 
an increment in the cathexis of the clicitor Si. 

This increment in the clicitor-cathexis by confirmation is greater than 
the increment winch would be induced by producing a valence in S» when 
the expectancy is at the same strength as that reached by the present con- 
firmation. r 

Comment. Some such postulate seems in order considering the rcin- 
torcing properties acquired by discriminative stimuli (cf. 90, pp. 245 - 253 ; 
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43, p 236) . The distinction between induced and confirmed means that 
e.g., choice-point stimuli acquire more cathexis when hungry rats run the' 
T-maze to food, than such stimuli would acquire if rats are made hungry 
after a large number of satiated runs, even if enough of the latter have 
occurred to bring the expectancies themselves to a level comparable to 
those acquired in the first case. 

9. Valence . — The valence of a stimulus S* is a multiplicative function 
of the correlated need D and the catheris C * attached to S‘. (Applies 
only to cases of positive cathexis.) 

Comment: Such a principle is empirically useless without the whole 
mass of imbedding material required to elucidate the relation of cathcxes 
and needs. The need-concept may be introduced solely by reference to the 
two basic facts of (a) strengthening responses by manipulation of their 
stimulus-consequences, and (6) experimental relevance of maintenance 
schedule with respect to the stimuli used. If such a “n on-physiological” 
approach is followed there are, strictly speaking, as many "needs” as 
there are goal-object-classes found to be not completely interchangeable 
and which can be shown to be related to a maintenance-schedule (cf. 63) . 

If this procedure is followed, we have two other principles to go on, once 
a class of stimulus-situations has been identified as a goal-situation and 
the strength of the associated need defined by its maintenance schedule. 

10. Need strength.—^ The need ( D ) for a cathected situation is an in- 
creasing function of the time-interval since satiation for it. 

Upon present evidence, even basic questions of monotonousness and 
acceleration are unsettled for the alimentary drives of the rat, let alone 
other drives and other species. There is no very cogent evidence that all 
or most needs rise as a function of time since satiation, although this 
seems frequently assumed. The notion of satiation itself, even in connec- 
tion with "simple” alimentary drives, presents great difficulties. 

11 . Cathexis. — -The cathexis of a stimulus situation S* is an increasing 
decelerated function of the number of contiguities between it and the 
occurrences of the consummatory response. The asymptote is an increas- 
ing function of the need strength presenting these contiguities. (There 
may, however, be some innately determined cathcxcs.) 

Comment : Such a principle would seem to be required unless wc assume 
more biologically given cathcxcs for exteroceptive stimuli than seems 
plausible. If correct, it makes necessary an ample opportunity to acquire 
the cathcxes in prc-expcrimcntal exposures, before an experiment on 
latent learning is begun (cf. 13, 14). . 

Perhaps any special effort to introduce populates concerning goal- 
objects should be avoided, and the "hole problem handled by implicit 
definition in which the consummately rc«pon«c is itself merely treated as 
the response-term of an expectancy. This final expectancy has, eg food 
as the clicitor, eating as the response, and immediate gudatory and pm- 
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prioceptive consequences as expectanda. These latter are highly cathected, 
the confirmation is immediate and invariable, and the number of con- 
firmations is tremendous. The primary cathexis is then assumed to lie in 
the feel, taste, and smell of the food in the mouth, and the proprioceptive 
consequences of chewing and swallowing. By the principle of Elicitor- 
Cathexis, the sight, smell, or touch of food not yet ingested ought to 
•acquire a strength of cathexis very close to the primary. Here, of course, 
one must make a guess as to how far back is "primary,” and whether 
what is primary in the Law of Effect is stimulation, cessation of stimula- 
tion, the necessary behavior-supports to respond in a certain way, the 
alteration of a central state via the bloodstream, or some composite of 
these. Tolman has referred to certain “to-be-got- at physiological 
quiescences,” with respect to which all other goal properties are ulti- 
mately docile. In the absence of any clear evidence, we have formulated 
the expectancy principles in terms of a stimulus-reinforcement view. That 
is, food has been treated as rewarding by being seen, smelled, or touched. 
We spoke of S* and S 2 being contiguous, and made no mention of a con- 
summatory response. Beliefs may differ as to the reinforcing value of the 
consuraraatory response itself. However, whether the act of chewing (as 
an efferent event) or the immediate sensory consequences of the act, is 
what gives it its reward-value, makes little difference for the present task. 
Since the two are (barring surgical tricks) necessary and sufficient con- 
ditions for each other, we can refer merely to the “consummatory re- 
sponse” and get to all anterior (and presumably derived) cathexes from 
there. 

12. Activation . — The reaction-potential b Er of a response Ri in the 
presence of Si is a multiplicative function of the strength of the expect- 
ancy (SiRiS 2 ) and the valence (retaining sign) of the expectandum. 
There arc momentary oscillations of reaction-potential about this value 
bBjj, the frequency distribution being at least uniraodal in form. The 
oscillations of two different bEr’b are treated as independent, and the 
response which is momentarily "ahead” is assumed to be emitted. 

Comment: From here on in the intervening variable chain there need 
be little or no difference between expectancy and non-expectancy theories. 
As in the case of non-expectancy theories (cf. Postulate VIII, Corollary 
% in 40, p. 8) , a problem arises in connection with multiple expectancies 
having the same response term. We have made no attempt to consider the 
formalization of the overlapping case. One sense in which the "field” 
emphasis might seem intimately connected with the expectancy view 
(contrary to our separation of these issues) involves this question. For 
one mig i sc up (conceptually) as many separate expectancies as there 
arc s imu 1 in e goal-box. That is, there is an expectancy of wood, of 
white color of sawdust, of a food-cup, and so on. A disturbing arbitrari- 
ness an es icrc, since by cutting it fine” we could find ourselves con- 
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eidenng indefinitely large numbers of expectancies, each coordinated to 
some describable aspect of the physical situation terminating S t -> if, 
might be inferred from this that some substituting of the “field” as 
expectandum will avoid the difficulty, and hence that the "field approach” 
ts more intimately related to an expectancy theory than to S-B formula- 
ions However, the same appearance of arbitrariness occurs on the 
elicitor side, and hence for non-expectancy theories Why are there not 
as many habits being conditioned in the T-maze as there are physically 
describable “stimuli” at the choice point? And, since the rat does not 
always sample all of the available (external) stimulus energies on every 
trial, these habits must be presumed to be growing at different rates, 
presumably they also have different asymptotes because of the different 
modalities and stimulus intensity dynamisms involved We do not mean 
to underestimate the difficulties merely by pointing to their occurrence 
elsewhere, of course But the present interest is not in those difficult 


problems which are shared by expectancy and non-expectancy theories 
What is actually done in most contemporary experimental speaking about 
<Si is to characterize the apparatus and let it go at that Skinner’s em- 
phasis on the generic nature of stimulus and response stems from his 
awareness of the problem Interest is centered on actual stimulus com- 
ponents of the starting-box or choice-point only when they are playing 
a discriminative role — in which case we would talk similarly about two 
expectancies (with different elicitors) in the present formulation also 
A law of threshold of s Er to produce response, laws relating response 
measures (amplitude, latency, response-probability), and a more detailed 
law of oscillation might be similar to or identical with Hullian principles 
Some principle of chaining may be in order, beyond what is yielded 
by, eg, the elicitor cathexis principle But the statement of a chamed- 
cxpectancy postulate is pointless until some activation-postulate for 
chains is also stated We might, for example, choose to concern ourselves 
only with how to calculate the strength of the initial member since, as 
soon as it occurs, the problem is re-presented (We ignore the prediction 
of any b Er until we are in the presence of its elicitor ) But the problem is 
to formulate a law regarding the manner of summation of the valences 
attached to expectanda later m the chain Looking at Tolman’s fu=cd 
balloons on page 147 of the Purposive Behavior in Animals and Men, one 
feels the need for some postulate which will attach the subsequent ex- 
pectanda of a chain to the response term of each member expectancy 
Presumably this strength depends on the strengths of the Jinks (perhaps 
not stronger than the weakest), and is greater when the chain has been 
formed by the running off of the chain sequence than when it » onb in- 
duced by the separate confirmation of its elements But obuou'ly all of 
this is the sheerest speculation and wc have not esen sketched a postu- 
late 
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For a few sample derivations from these principles for the T-maze case, 
the reader is referred to (59) Here let us return briefly to the possibility 
of deriving “multiple trackness” for the lever-pressing case considered 
above m connection with the response problem The expectancy (SjJRfSx) 
where the bar over h or l means home-cage or experimental lever down, 
has been strengthened by the pre-expenmental history in the home-cage 
(Postulate 1, Mnemomzation) Since the home-cage bar for operating 
food-dispenser and the lever in the experimental box are similar, the 
expectancy {SiRtSz) is strong by Postulate 3, Primary Generalization 
In the box, repeated pairings of “lever down” {Si) with food-pellet 
presentation (S/*) generate an expectancy {SjRtS*), by Postulate 5 
(Generalized Inference) , since Si resembles Sz Any topographic differ- 
ence between teeth-pressmg in the home-cage and that in the box is as- 
sumed to be well within the inductive range of the class R If this were not 
assumed, the substitution of (SiR/Sj) for {SiRtSj) would, of course, re- 
quire an additional postulate of response induction The important point 
here is that the derivation is mediated by the inference postulate, and 
hence involves a learning construct which notationally refers not only 
to the elicitor and the response but to a third element, the expectandum, 
as well It is via the reference to Si, “lever down,” that the derivation can 
be carried through The formal structure here mirrors our informal 
notions of an expectation, and would be paraphrased roughly thus "In 
the home-cage, the rat has learned that when he sees a lever-like object, 
he can get it down with his teeth, in the box he learns that when the lever 
is down he gets food He infers that he can get food by using his teeth ” 
An alternative derivation would invoke Postulate 6, Secondary Cathexis, 
proceeding via the acquisition by Si of a cathexis These two are not, of 
course, opposed in their outcome or in any way incompatible It is per- 
haps worth noting that, as is often the case, not all of the “common- 
sense” notion of the situation appears in the more formal deductions The 
dcmation actually makes no use of the cage-expectancy ShU p Sz , and its 
resemblance to SiRpSj The occurrence of the sequence S, -» R p Si 
senes only to bring about the juxtapositions SiSf needed for the gen- 
eralized inference postulate The anthromorphic linkage between “there 
arc two wa>s to get a le\cr down” and “the first way gets food” to “then 
ww? 8CC0nt * ’"ay” finds no place in the formal reconstruction 

\ nether this w ould turn out to be the case for all instances of multiple 
trackness, or c\cn whether all experimental instances of the latter could 
be domed from the present postulates, we shall not consider here 

VI. APOLOGY TO TOLMANITES AND OTHERS 
Y. c arc aware that certain objections can be made to the foregoing as 
<*cn n partial formalization of Tolman’s proposals As was pointed out 
m the preceding, the question “Docs such-and-such a formulation sa> 
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what Tolman had in mind?” is, strictly speaking, unanswerable, since 
answering it involves the comparison of a semi-definite set of proposals 
with an even less definite set Perhaps an informal consideration of the 
spirit of Tolman's approach is the most we can offer beyond what has 
been said Obviously what follows can make no claims to rigor, but we 
hope that certain intuitively based or common-sense resistances to such 
a formalization will be somewhat reduced 
The most striking departure from Tolman's general line is probably 
our stress on the response The basic theoretical element, the whatever- 
lt-is that receives an increment from the occurrence of the sequence 
til —> Ss, while called an expectancy, nevertheless has a response 
reference m it from the first TVe are prepared to admit that this is a 
radical departure from the current form of Tolman’s thought, although 
not so much from that of the 1932 book (Cf 128, pp 10-12, 82 ) How- 
ever, m other places, eg, p 136, the explicit reference to behavior has 
almost vanished except for the phrase "commerce with " It is difficult to 
judge the book on this point because of Tolman’s constant use of “means- 
end-relation," a phrase which does not clearly exclude or include a re- 
sponse-reference The Glossaiy does not help (p 451), since the word 
“direction’’ appears m the definition and the definition of this term (p 
441) is similarly interpretable in both ways On the whole, the map 
emphasis and the failure to include a specific response-reference is 
already detectable in 1932 But we are not persuaded that this aspect is 
as definitive of Tolman as, say, the kind of acquisition assumption in- 
volved in our Inference Postulate, or the kind of energizing assumption 
involved m our Activation Postulate 
Now one of the basic difficulties with Tolman's system, admitted at 
times by Tolman himself and stressed by his critics, is the difficulty of 
getting from “knowledge” to “action ” His tentative concession to Guthrie 
as to how a motor pattern gets acquired (151, pp 153-154) is not, insofar 
as we understand it, fitted into his general cognitive framework with any 
great care Taken literally, it almost seems incompatible with the rest 
Tolman seems to be agreeing with Guthrie that “Any response (i c , any 
movement) which goes off null get conditioned on a single trial to 
whatever stimuli were then present” (p 153) At face aaluc such a re- 
mark concedes the case to the S-#-contiguity theorist Although this 
cannot, of course, be Tolman’s intention, he can hardly be said to bare 
resolved the conflict by' such a general remark as “ such a learning 
of motor patterns is of necessity always imbedded m a larger goal- 
directed activity ” (p 154) “Imbedded in" is not a precise meth- 
odological expression and as here u*cd bridges some aciy senous uxio- 

irrntic gaps , 

Roughly speaking, there are t*o approaches to the response-cognition 
problem One is to formulate the hypothetical cognition without reference 
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to a response term or dimension, so that the characterization of an ani- 
mtt l's cognition takes the form of some sort of quasi-propositional event 
occurring within the animal. The elements of such an inner event are 
alluded to by quasi-data words, i.e., tvords which (out of the psychologi- 
cal context) would denote environmental objects and their relations, as 
discussed above. This approach is indicated by the use of such metaphors 
as “map,” and the increasing use of this metaphor by Tolmanites we 
interpret to mean that they favor such an “environment-referential” ap- 
proach. The phrase "to learn the location of” stresses the same thing, in 
contrast to the phrase “to learn what response leads to.” Now it appears 
to us that what we may call the “environmental” kind of expectancy 
theory would present great difficulties in behavior linkage even if the 
axiomatization of the cognition-acquisition process were well-developed. 
Presumably a rat must have some additional expectancies regarding 
“what locomotions take me to S 2 ” or "what manipulations by me in the 
presence of Si will produce S 2 .” Otherwise, his purely mop-expectancies 
regarding the “objective” relations of £» to other S’ s would remain, so 
to say, behaviorally irrelevant. Tolman has not addressed himself 
seriously to this question, but has left it at a rather common-sense level. 
If the rat, as a reasonable being, knew what led to what, he would do 
so-and-so. But if we try to anticipate the difficulties, it seems likely that 
an expectancy formula which does contain the response as an integral 
part of the strengthened element will have ultimately to be inserted as a 
sort of subtheory in order to get from an “environmental” expectancy to 
the behavior. If we are right in this, the obvious suggestion would be to 
start afresh and put R in somehow at the beginning. If this means “water- 
ing down the difference between Tolman and Hull,” so much the better 
for it. Of course, the complicated problems of response-equivalence and 
the specification of the reaction-class R i are still with us, shared with the 
competitor theories. 

This “response” form of expectancy theory may retain a good deal of 
the (non-metaphorical) properties suggested by the map-metaphor. But 
the map-properties will have to emerge as derivative properties, the basic 
elements still involving response reference. This remark must, of course, 
not be taken to mean that responses in the sense of effector-activity- 
elasses arc the “building-blocks,” links, or units out of which expectancies 
nrc physically constituted— that the elicitation of an expectancy always 
involves the occurrence of an effector response, however minimal. That 
would be S-R theory again, of course. We mean merely that the charac- 
terization of a complex cognitive map will involve a reference to its con- 
stituent expectancies, and these expectancies arc themselves characterized 
notationally by response reference. Such a statement is quite different 
from any statement that reduces cognitions to implicit movements (cf. 59, 
p. 50) . 
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The expenmen tal use of even relatively simple space-and-Iocomofion 
set-ups may already involve too great complications for the present 
primitive state of expectancy theory In the absence of carefully con- 
trolled studies of the effect of early, non-experimental space traversing 
experience in the rat, we must not neglect the possibility that appropnate 
behavior in direction- and locus-learning set ups is itself a high level, 
derivative phenomenon, actually unsuitable for the elucidation of the 
primary laws of expectancy in spite of its apparent simplicity (to human 
beings with very similar spatial-locomotor histories!) In order to give 
some concreteness to our suggestion that the map-properties might be 
viewed as high-level, derivative consequences of primary respon'e-refer- 
ring expectancies, the following skeleton analysis of a "simple” spatial 
inference is offered Needless to say we do not offer the "postulate” as 
even a guess at the truth, but only as illustrative In what follows, refer- 
ence to an expectancy merely designates its terms, so that it may in fact 
be of zero strength If an expectancy has been strengthened by the occur- 
rence of the sequence, it is confirmed, otherwise induced The class rela- 
tionships are thus 


( Zero 

Expectancies-! f 7 'Primary” or "native" 

[Non 2 ero-j Confirmed (eg, by mncmomzation) 

[ Induced (eg, by inference) 

Before we can even state the single postulate, we need a rather cumber- 
some set of definitions 


1 A set of k expectancies, (fc-1) of which belong to a chain and the 
Mi one has elicitor and expcctandum terms stimulus-equivalent 
with the elicitor and expectandum of the chain, is a circular set The 
chain and its alternate expectancy arc equivalent 

2 If both the chain and the equivalent of the circular set have been 
confirmed, we have a confirmed circular set 

3 Two circular sets in which 

(a) The number of expectancies is the same 

(b) The response-terms in corresponding positions in the two sets 
arc so similar in topograph} that ncar-pcrfcct primary induction 
would occur between them (or that the amount of primary in- 
duction betneen a member of R, belonging to the tint circular 
set and a member of Rf homologous to it in the other ret, is ns 
great ns that between two randomly chosen members of R, on 
the av crage) 

are isomorphic circular sets 

4 Two or more isomorphic circular sets which arc confirmed beloa. to 
a confirmed subfamily of circular sets 
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5. The class of all isomorphic circular sets some of which are a con- 
firmed subfamily is a confirmation- family . 

6. The diversity of a confirmation-family is some increasing function 
of the differences between stimuli which are in homologous positions 
in the circular sets of the confirmed subfamily, (The term “differ- 
ence” here is not question-begging, since the differences of these 
stimuli will have been investigated directly, outside of this context, 
through studies of primary stimulus generalization and equiva- 
lence.) 

With all this vocabulary we can now state a “postulate”: 

Postulate 1001: The strengthening of a chained expectancy which be- 
longs to a circular set will induce strength in the equivalent expectancy 
of the set, provided that the circular set belongs to a confirmation-fam- 
ily. The amount of induced strength is an increasing function of the 
chain strength, of the strengths of the expectancies in the confirmed 
subfamily, and of the number and diversity of the confirmed subfamily. 
It is a decreasing function of the variability of strengths over the con- 
firmed family. 

Let us illustrate this ponderous business by something concrete. A rat 
has had the following set of expectancies very consistently confirmed in 
his home cage: 


H x Si: distant metal tag. R x : forward. 

S 2 : close tag, cage wall. Confirmed 

I. #2 S 2 : close tag, ca 6 e wall. R 2 : left turn. 

S 3 : water nozzle. Confirmed 

H s S x : distant metal tag. R 3 : 45° left turn. 

S 3 : water nozzle. Confirmed 

Hu H 3 are a confirmed circular set. H X H 2 is a chain, and H 3 is its 
equivalent. 

Now suppose during a test breaking phase this rat has the following 
circular set confirmed (equally consistently, although with a lower total 
frequency) while exploring a table-top: 


I ff*. S is : north wall. R x : forward. 

S 14 : edge of table. 

ff»4 *S, 4 : edge of table. /?»': left turn. 

Sis: cup at NW corner, 
ff is S »s* north wall. R 3 ' : 45° left turn. 
Sis*, cup at NW corner. 


Confirmed 

Confirmed 

Confirmed 


Ha, II u, II is arc a confirmed circular ret. II„H U is a chain and 11,1 is 
its equivalent. 

I and II arc each confirmed circular sets. Since the responses in corrc- 
» ponding positions arc similar (R, to R,', R, to R4, and Jl, to R 3 0 
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th e y are isomorphic circular sets Smce each is confirmed, they define a 

numhTTof SUb , fam ! ly Actua]ly ’ » f oourse, not two but a considerable 
number of such sets are confirmed by any normal organism in the course 
of its non-experimenta! history, even m a rather restricted environment 
Now we put a rat in a “new” situation, teaching him two expectancies 

#49 $49 wood floor R^" forward 

S m iron cross piece Confirmed 

^50 » 5 o ^on cross piece R 2 ' left turn 

S 51 goal box Confirmed 

Now consider an expectancy 


#51 £49 wood floor R 2 " 45° left turn 

goal box Unconfirmed 

#49i #50, #51 are a circular set, and they belong to a confirmation fam- 
ily Hence, by the postulate, H ^ will have induced strength Smce the 
family is well-confirmed and the diversity is great (the homologous elici- 
tors and expectanda being very different), the induced strength should be 
high The rat should “expect” goal-box 45° to the left, even though he has 
never made such a response to get it The important thing to see is that 
the “inference” is mediated by a somewhat complex relational fact in- 
volving both response-resemblance and a confirmation history, rather 
than any straightforward, simple stimulus generalization or response in- 
duction 

One may be struck by the cumbereoraeness of this schematizing, but 
we have been unable to reduce it Actually the formulation is grossly 
over-simplified and elliptical at several points, e g , m a reference to the 
“strength of the chain,” where vanation among the several link strengths 
would presumably make a difference This “simple” kind of appropriate 
behavior will almost certainly require a more rather than a less compli- 
cated mediation than the present one If the reader is inclined to react (as 
we were) by saying, “All that, to say that if a rat learns to take an ob- 
lique angle as a short cut, he’ll try it in new situations,” that is precisely 
the point of our example Anyone attempting a development of this “ob- 
vious good sense” shown by the rat, reducing the number of definitions 
needed to frame a postulate and yet aiming at some reasonable approxi- 
mation to rigor, will be convinced, wc think, that we arc not here strain- 
ing at a gnat And it seems to us that, if such a postulate were to be made 
the basis for a rat’s “inference” and his resulting s Cj> at 45°, the scien- 
tifically important components of the map-metaphor would be contained 
therein It should be unnecessary to add that such a postulate would 
hardly be confined to the “map” case The term response occurs in the 
postulate without restriction, and presumabl} such a high order tort of 
generalization effect, if postulated, would applj to social and mom/mta- 
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5 The class of all isomorphic circular sets some of which are a con- 
firmed subfamily is a confirmation- family 

6 The diversity of a confirmation-family is some increasing function 
of the differences between stimuli which are m homologous positions 
m the circular sets of the confirmed subfamily (The term “differ- 
ence” here is not question-begging, since the differences of these 
stimuli will have been investigated directly, outside of this context, 
through studies of primary stimulus generalization and equiva- 
lence ) 


With all this vocabulary we can now state a "postulate” 

Postulate 1001 The strengthening of a chained expectancy which be- 
longs to a circular set will induce strength in the equivalent expectancy 
of the set, provided that the circular set belongs to a confirmation- fam- 
ily The amount of induced strength is an increasing function of the 
chain strength, of the strengths of the expectancies m the confirmed 
subfamily, and of the number and diversity of the confirmed subfamily 
It is a decreasing function of the variability of strengths over the con- 
firmed family 

Let us illustrate this ponderous business by something concrete A rat 
has had the following set of expectancies very consistently confirmed in 
his home cage 


I 


' H 1 S x distant metal tag R t forward 

5 2 close tag, cage wall 

H 2 S 2 close tag cage wall R 2 left turn 

5 3 water nozzle 

H 3 Si distant metal tag R 3 45° left turn 
S 3 water nozzle 


Confirmed 

Confirmed 

Confirmed 


Hi, H 2 , Hi are a confirmed circular set H\H 2 is a chain, and H 3 is its 
equivalent 

Now suppose during a test breaking phase this rat has the following 
circular set confirmed (equally consistently, although with a lower total 
frequency) while exploring a table-top 


north wall R x ' forward 
edge of table 

edge of table R 2 ' left turn 
cup at NW comer 
north wall R 2 ' 45° left turn 
cup at NW comer 


Confirmed 

Confirmed 

Confirmed 


Hu, Hu, //» arc a confirmed circular set H„H U is a charn and Hu >s 
its equrv alcnt 

and II are each confirmed circular sets Since the responses m corre- 
r ponding positions arc similar (Rj to R,', R 2 to R 2 ’, and R, to R,') 
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they are isomorphic circular sets Since each is confirmed, they define a 
confirmed subfamily Actually, of course, not two but a considerable 
number of such sets are confirmed by any normal organism m the course 
of its non-expenmental history, even in a rather restricted environment 

Now we put a rat in a “new” situation, teaching him two expectancies 

^49 £49 wood floor R t " forward 

5 50 iron cross-piece Confirmed 

■“co £50 iron cross-piece R<\" left turn 

£51 goal-box Confirmed 

Now consider an expectancy 

B n S 40 wood floor R 3 " 45° left turn 

551 goal-box Unconfirmed 

Hm, H go , are a circular set, and they belong to a confirmation fam- 
ily Hence, by the postulate, H & i will have induced strength Since the 
family is well-confirmed and the diversity is great (the homologous elici- 
tors and expectanda being very different) , the induced strength should be 
high The rat should "expect” goal- box 45 ° to the left, even though he has 
never made such a response to get it The important thing to see is that 
the "inference" is mediated by a somewhat complex relational fact in- 
volving both response-resemblance and a confirmation-history, rather 
than any straightforward, simple stimulus generalization or response in- 
duction 

One may be struck by the cumbersomeness of this schematizing, but 
we have been unable to reduce it Actually the formulation is grossly 
over-simplified and elliptical at several points, e g , in a reference to the 
"strength of the chain,” where variation among the several link strengths 
would presumably make a difference This "simple" kind of appropriate 
behavior will almost certainly require a more rather than a less compli- 
cated mediation than the present one If the reader is inclined to react (as 
we were) by saying, "All that, to say that if a rat learns to take an ob- 
lique angle as a short-cut, he’ll try it in new situations,” that is precisely 
the point of our example Anyone attempting a development of this "ob- 
vious good sense” shown by the rat, reducing the number of definitions 
needed to frame a postulate and yet aiming at some reasonable approxi- 
mation to rigor, will be convinced, we think, that we are not here strain- 
ing at a gnat And it seems to us that, if such a postulate were to be made 
the basis for a rat’s “inference” and his resulting B E R at 45°, the scien- 
tifically important components of the map-metaphor would be contained 
therein It should be unnecessary to add that such a postulate would 
hardly be confined to the "map” case The term response occurs in the 
postulate without restriction, and presumably such a high-order sort of 
generalization effect, if postulated, would apply to social and mampula - 
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tive as well as locomot or behavior. One thinks of Harlow’s “learning sets,” 
and of Lashley’s famous monkey shifting to the other hand, or his rat 
running over the maze top “toward the goal.” 

This development may be expected to arouse criticism from non- 
expectancy theorists, and one which it is easy to make against the whole 
formulation suggested in the foregoing pages. One gets the feeling that 
too much of what we “know” at the ordinary, common-sense level is being 
put into the basic principles. Since our own bias is mainly on the non- 
expectancy side, we have had that feeling almost constantly. However, 
Tolman’s system is somehow closer to lay thought, and this in itself is 
surely no basis of rejection. Everyone would be interested in knowing 
more about intermediate steps, but what if the postulates were “correct” 
and the intermediate steps were in the central nervous system? When one 
feels the urge to request the “mediating processes” underlying an expect- 
ancy-formation or (especially) the inference postulate, he should ask 
himself : Do I require this because my S-R orientation gives me a convic- 
tion that any such gross-behavior law really involves a chain of effector- 
events mediating it? If the answer to this question is affirmative, it means 
that the postulate is not being taken as it is offered in an expectancy 
theory. If the answer is negative, the critic must presumably be demand- 
ing a reduction to the neurophysiology. 

It is in this sense that the Tolman-Hull controversy involves a cen- 
tralism-peripheralism issue (cf. 66). In one rather trivial use of the words, 
any behavioral system is both a “centralism” and a “peripheralism.” The 
confirmation-basis is sentences about an organism's movements, and 
movements are the data which the science is about. Hence, Tolman is a 
pcripheralist, because he is a behaviorist. On the other hand, hypothetical 
constructs utilized to mediate the stimulus-response laws are universally 
assumed to have their physical locus in the animal’s brain, so that in this 
respect a Hullian is necessarily a centralist. This locus is admitted by 
psychologists who have no scientific interest in it. But we cannot agree 
with the view that the centralism-peripheralism distinction is irrelevant. 
It is not, however, to be exhibited in a difference of data language, nor in 
the theorist’s mere admission that the brain is somehow involved in the 
mediation of behavior! The difference lies in the physical locus assigned 
to certain specified events characterized by the postulates. And if a theo- 
rist makes assertions assigning such a locus, these assertions are just as 
much a part of the “real theory” as any of his other assertions. A meth- 
odological proposal has been made (e.g., 47) to define behavioral theory 
very res trie lively, as by confining the content of theory to the mathemati- 
cal equations that occur in it. This is well and good as an expression of an 
interest, but somewhat arbitrary when used as a basis of exclusion against 
all other theoretical interests. At the very least, the theoretical meaning 
of learning constructs has to be given by a certain amount of non- 
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mathematical context— we have at least to be informed that one of Hull's 
growth-functions refers to the change in habit strength rather than the 
growth of forelimbs. So far as the logic of science is concerned, we are 
surely not forbidden to introduce assertions of physical locus, or mem- 
bership of an occurrence in a class specifiable in the language of another 
science, or actual identity of constructs inferred from originally un- 
related empirical studies. If a theorist asserts, say, “The physical locus 
of the event designated tq in theory T is in the periphery: that is, r<? is 
an effector-activity,” Kendier’s proposal seems to us tantamount to in- 
forming the theorist that this utterance is not part of his real theory. This 
is as if one were to inform the author of a genetics text that he had better 
delete all propositions identifying his statistical genetic constructs with 
certain physical loci on the visible rods called chromosomes, because this 
identification is not part of “real theory.” Isn’t this a rather arbitrary 
definition of what the theory consists of? Certainly it cannot be derived 
from any tenets of the general logical empiricism shared by all of us as 
scientists. The plain fact is that a scientist's theory concerning a specified 
empirical domain consists of the entire set of empirically meaningful sen- 
tences he asserts regarding it. One may not think it was clever of him to 
assert some of them; one may have little or no interest in some of them, 
such as those which identify constructs with those of allied sciences; one 
may accept most of the theory but reject or suspend judgment regarding 
the locus- or identity-assertions. All these attitudes are available to a 
critic such as Kendler; but what is not available to him is any sort of rule 
which will exclude from the theory some of the empirically meaningful 
propositions found in it. Nor are we here indulging in any confusion be- 
tween Reichenbach’s two contexts of discovery and justification (75, pp. 
6-7) . It is not a question of whether the personal imagery of Hull or Tol- 
man during their creative hours constitutes part of the theory. Of course 
it does not. But if what finally emerges is a set of significant sentences, 
they are all part of the theory whether some of us are interested in them 
or not. 

Suppose, for example, that an inference postulate is not needed, but is 
derived as a theorem by some use of, say, Tq. The obvious Tolman retort 
is “Very good. Capital. Only, I don’t believe it.” Now, just what is it the 
Tolmanite doesn't believe? One might say that, having admitted the 
derivability of the inference postulate from postulates not of that form, 
but which involve throughout the strengthening of S-R bonds, there is 
nothing left to be “denied.” We cannot admit this. The rat is a physical 
mechanism, with parts whose structure and function are the subject- 
matter of several non-behavior sciences. There is, therefore, nothing 
“metaphysical” or “transcendent” about the question, “are the expect- 
ancies of the inference-postulates in fact mediated by chains of habits, 
the response terms of which are effector-event-classes?” The degree of 
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live as "well as locomotor behavior. One thinks of Harlow’s “learning sets, 
and of Lashley’s famous monkey shifting to the other hand, or his rat 
running over the maze top “toward the goal.” 

This development may be expected to arouse criticism from non- 
cxpectancy theorists, and one which it is easy to make against the whole 
formulation suggested in the foregoing pages. One gets the feeling that 
too much of what we “know” at the ordinary, common-sense level is being 
put into the basic principles. Since our own bias is mainly on the non- 
expectancy side, we have had that feeling almost constantly. However, 
Tolman’s system is somehow closer to lay thought, and this in itself is 
surely no basis of rejection. Everyone would be interested in knowing 
more about intermediate steps, but what if the postulates were “correct” 
and the intermediate steps were in the central nervous system? When one 
feels the urge to request the “mediating processes” underlying an expect- 
ancy-formation or (especially) the inference postulate, he should ask 
himself: Do I require this because my S-R orientation gives me a convic- 
tion that any such gross-behavior law really involves a chain of effector- 
events mediating it? If the answer to this question is affirmative, it means 
that the postulate is not being taken as it is offered in an expectancy 
theory. If the answer is negative, the critic must presumably be demand- 
ing a reduction to the neurophysiology. 

It is in this sense that the Tolman-Hull controversy involves a cen- 
tralism-peripheralism issue (cf. 66) . In one rather trivial use of the words, 
any behavioral system is both a “centralism” and a “peripheralism.” The 
confirmation-basis is sentences about an organism’s movements, and 
movements are the data which the science is about. Hence, Tolman is a 
pcriphcralist, because he is a behaviorist. On the other hand, hypothetical 
constructs utilized to mediate the stimulus-response laws are universally 
assumed to have their physical locus in the animal’s brain, so that in this 
respect a Hullian is necessarily a centralist. This locus is admitted by 
psychologists who have no scientific interest in it. But we cannot agree 
with the view that the ccntralism-peripheralism distinction is irrelevant. 
It is not, however, to be exhibited in a difference of data language, nor in 
the theorist’s mere admission that the brain is somehow involved in the 
mediation of behaviorl The difference lies in the physical locus assigned 
to certain specified events characterized by the postulates . And if a theo- 
rist makes assertions assigning such a locus, these assertions arc just as 
much a part of the “real theory” as any of his other assertions. A meth- 
odological proposal has been made (c.g., 47) to define behavioral theory 
very rcstrictivcly , as by confining the content of theory to the mathemati- 
cal equations that occur in it. This is well and good as an expression of an 
interest, but somewhat arbitrary when used as a basis of exclusion against 
all other theoretical interests. At the very least, the theoretical meaning 
ol learning constructs has to be given by a certain amount of non- 
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mathematical context — we have at least to be informed that one of Hull's 
growth-functions refers to the change in habit strength rather than the 
growth of forelimbs. So far as the logic of science is concerned, we are 
surely not forbidden to introduce assertions of physical locus, or mem- 
bership of an occurrence in a class specifiable in the language of another 
science, or actual identity of constructs inferred from originally un- 
related empirical studies. If a theorist asserts, say, “The physical locus 
of the event designated r 0 in theory T is in the periphery: that is, r Q is 
an effector-activity,” Kendler’s proposal seems to us tantamount to in- 
forming the theorist that this utterance is not part of his real theory. This 
is as if one were to inform the author of a genetics text that he had better 
delete all propositions identifying his statistical genetic constructs with 
certain physical loci on the visible rods called chromosomes, because this 
identification is not part of “real theory.” Isn't this a rather arbitrary 
definition of what the theory consists of? Certainly it cannot be derived 
from any tenets of the general logical empiricism shared by all of us as’ 
scientists. The plain fact is that a scientist's theory concerning a specified 
empirical domain consists of the entire set of empirically meaningful sen- 
tences he asserts regarding it. One may not think it was clever of him to 
assert some of them; one may have little or no interest in some of them, 
such as those which identify constructs with those of allied sciences; one 
may accept most of the theory but reject or suspend judgment regarding 
the locus- or identity-assertions. All these attitudes are available to a 
critic such as Kendler; but what is not available to him is any sort of rule 
which will exclude from the theory some of the empirically meaningful 
propositions found in it. Nor are we here indulging in any confusion be- 
tween Reichenbach's two contexts of discovery and justification (75, pp. 
6-7) . It is not a question of whether the personal imagery of Hull or Tol- 
man during their creative hours constitutes part of the theory. Of course 
it does not. But if what finally emerges is a set of significant sentences, 
they are all part of the theory whether some of us are interested in them 
or not. 

Suppose, for example, that an inference postulate is not needed, but is 
derived as a theorem by some use of, say, ro- The obvious Tolman retort 
is, “Very good. Capital. Only, I don't believe it.” Now, just what is it the 
Tolmanite doesn't believe? One might say that, having admitted the 
derivability of the inference postulate from postulates not of that form, 
but which involve throughout the strengthening of S-R bonds, there is 
nothing left to be “denied.” We cannot admit this. The rat is a physical 
mechanism, with parts whose structure and function are the subject- 
matter of several non-behavior sciences. There is, therefore, nothing 
“metaphysical” or “transcendent” about the question, “are the expect- 
ancies of the inference-postulates in fact mediated by chains of habits, 
the response terms of which are effector-event-classes?” The degree of 
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confirmation of such a hypothesis by behavior studies alone cannot, per- 
haps, be very high. But this merely shows that a dogged "molar behavior- 
ist” can ask more intelligible questions than he can easily answer by 
relying wholly upon his preferred behavioral methods. One need not be 
interested in Tolman’s question; it is quite likely that such a question is 
currently not a profitable one. But neither of these is tantamount to a 
denial of its empirical meaningfulness. 

So, our Tolmanite doesn’t believe that the inference occurs via any 
such effector event as, say, r a . He points to experimental data that seem 
to necessitate an inference postulate (assuming for the present discussion 
that he can do this and make it stick). The non-expectancy theorist 
grants him the postulate at the “first level” below behavior laws, but de- 
rives it as a theorem. The terms which occur in this derivation include not 
only the stimulus and response classes designated in the postulate, but 
certain other constructs such as To . In a concrete use of the postulate 
(theorem), this means the invocation of chewing-movements, sense- 
organ-adjustments and the like. One can spend considerable time trying 
to invent experimental designs which will raise or lower the confirmation 
of such concrete applications of the "implicit response” type of construct, 
but the task is not easy. This is partly because, for all of the emphasis on 
quantification by non-expectancy theorists and especially by Hullians, 
the fractional goal response is at present almost wholly unquantified, so 
that it can be applied to almost any experimental outcome as an "out” 
with about as much abandon as Tolman can invoke attention, emphasis 
or the map's “strip-width” when the going gets hard. There are, however, 
some designs which, if they yielded positive results would render a peri- 
pheral mediator so unlikely that a centralist would be justified in re- 
questing more direct (physiological) confirmation. 

Another complaint a neo-Tolmanite would make is the total neglect of 
"perceptual organization” in our formulation. We have spoken of the 
elicitor as what gives rise to the expectant; whereas many centralists 
would say that in so doing we had skipped over what is the first, big step 
in learning — the transition from the elicitor to some central state conse- 
quent upon proximal stimulation, the configural properties of which are 
causally antecedent to the arousal of an expectant. We have avoided some 
aspects of this problem by emphasizing (o) the class-character of the 
elicitor and (6) the unlimited possibilities for configural specification of 
the (physical) stimulus side. But we are aware that a staunch centralist 
with perceptual interests will not feel these are sufficient. This problem 
was not discussed at any length at the Dartmouth Conference, chiefly 
because of the conferees’ stronger interests in other issues. What little dis- 
cussion of the topic took place in our sessions indicated considerable dis- 
agreement among us as to the importance and even as to the mcaningful- 
ncss of certain perceptual distinctions. Consequently, wc have nothing to 



EDWARD C TOLMAN 25? 

say here except that we are fully aware of the omission of such considera- 
tions from our formalization proposals The interposition of another 
intervening state, say, the ehcitant, would not necessarily require pro- 
found alterations m the remaining axioms As rve have chosen a quasi- 
stimulus language to characterize the expectate, so a quasi-stimulus lan- 
guage could be chosen for the elieitant’s characterization Postulates 
would then be needed to indicate the lawful relationships assumed to hold 
between the proximal ehcitor and the (central) ehcitant Even if the 
remaining axioms remained unchanged, except for the substitution of 
ehcitant for elicitor in referring to the sequence Si iti — » S 2 , such 
a change would obviously have a considerable effect on the laws relating 
observables Thus, number of exposures, even if the experimental pro- 
cedure guaranteed adequate proximal representation of the ehcitor, would 
take on a new meaning in the working of the whole theoretical system If 
genuine discontinuities in the acquisition-function for ehcitants were al- 
lowed for (e g , sudden alterations m figure-ground relationships) the 
form of many derivative laws would be radically altered It is our belief 
that the initial efforts at confirmation of expectancy assumptions ought 
not to be complicated by the use of experimental designs rich in percep- 
tual-reorganizing possibilities We do not think this reflects merely a bias 
for the response side, although it may in part But there is present, re- 
gardless of one’s bias, a peculiar asymmetry in the confirmation-relations 
of perceptual and expectancy postulates The changes which occur in the 
animal’s perceptual field as a function of exposures to the stimulus situ- 
ation are inferred (or, constructed) from behavior-changes Unless it is 
assumed that no quantitatively important changes are concurrently tak- 
ing place in his expectancies (of which the perception is ehcitant), we 
have two processes occurring at once, and their effect on the behavior is 
serial and cumulative The components (yi, y 2 , y m ) characterizing 
the perceptual field are related via some functions gi, g 2) g m to the 
components of the stimulus side, and the behavior m turn is functionally 

dependent HVi, Vs, P™) u P oa the P^c e P tl0ns In the case of human 
verbal reports made during perception experiments, we ordinarily operate 
on the plausible assumption that the values of the /-functions are very 
near their asymptotes (1 e , saying “red" when one perceives red has been 
thoroughly overleamed in the prc-experimental history) Hence, we can 
determine the form of the g functions by studying the relation between 
verbal responses and the stimulus variables But the corresponding infer- 
ence from response to perceptual field is obviously much more dangerous 
in the case of infra-human organisms 

The other horn of the dilemma is much less senous As Spence has em- 
nhasized m his papers on the discontinuity controversy (93, 94, 95), tt 
ought to choose stimuli of such a nature that the p-functions are of negli- 
gible importance We can, of course, never be sure of this cither, but ac 
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can usually be surer of it than we can of the expectancy (or habit) 
strengths If an experimenter employs a goal-box, the floor and all walls 
of which are white, it is hard to doubt that the rat “perceives” its white- 
ness provided he has his eyes open The curve of acquisition of an expect- 
ancy having this as the expectanduna can then be investigated with some 
assurance, despite a possible lack of “complete psychological correlation” 
between the perception and the proximal stimulus Once having such a 
law, we can investigate expectanda which are “perceptually” more inter- 
esting 

If, on the other hand, we should try to confirm the expectancy-acquisi- 
tion postulates by utilizing — e g , form discrimination — a negative result, 
or a quantitative outcome of a certain order would be contaminated m 
indeterminate ways and amounts by the well-known slowness of rats m 
making discriminations on the basis of form If the “appropriate” be- 
havior failed to appear following a latent learning procedure, it might 
merely indicate tha* the rat “had barely started to distinguish the tri- 
angle as such,” and hence prove nothing as to the expectancy postulates 
proper Such interpretive ambiguities are in principle inevitable in the 
early stages of experimentation upon multivariable systems, as we 
pointed out in our preliminary discussion of quantification But there is 
little justification for inviting them by one’s choice of design and appara- 
tus 


SUMMARY AND CONCLUSIONS 
We find it hard to bring together the preceding in a summary fashion 
In its mam outlines, we have seen no reason to criticize Tolman’s ap- 
proach as a kind of behavioral theory Like its other critics, we wonder at 
its lack of even a minimal amount of formalization over the 20 years of 
controversy and experiment It is hard to say to what extent this infor- 
mality accounts for its viability under some very determined attacks 
The question of its “factual adequacy” is a difficult one for this very 
reason, but we have concluded that within the limits imposed by its pre- 
dictive vagueness, it cannot be said to stand refuted by the body of ex- 
perimental evidence most clearly relevant — the latent learning studies 
These findings seemed sufficiently encouraging to lead us to a preliminary 
attempt at formalization The essential feature of that formalization is 
the expectancy, a cognitive unit sharing with S-R theory the explicit 
notational reference to response, but differing from S-R theory in its 
equally explicit reference to the expected consequences of responding It 
is proposed that development of expectancy theory in this direction will 
be more fruitful than in the direction of “maps” and “perceptions” cur- 
rently favored by Tolman himself 

At the risk of tmiahty, we cannot close without mentioning the con- 
tribution of the theorj in generating informative experiments Even jf 
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S- R theory should turn out to be, ultimately, the "whole truth" of the 
matter, no one would deny that the form of such an S-R theory mil have 
been profoundly molded by the character of the opposition and the facts 
of learning discovered because of it In closing, we would like to remind 
the reader of the words penned by R M Elliott in his editorial introduc- 
tion to Purposive Behavior in Animals and Men 

Professor Tolman’s argument may be ignored m some quarters, it will cer- 
tainly be amplified by himself and others as new and crucial research data 
come to light, it will not, I think, be radically revised, that is “disproved”, and 
it will never be discredited, that is, shown to be either fictitious or unnecessary 
Behaviorism of this sort has come of age (128, pp vm-ix) 
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Burrhus F. Skinner 


WILLIAM S. VERPLANCK 


“A PURELY DESCRIPTIVE SYSTEM 
IS NEVER POPULAR" 

So far as scientific method is concerned, the system set up may be 
characterized as follows It is positivistic It confines itself to description rather 
than explanation Its concepts are defined in terms of immediate observations 
and are not given local or physiological properties A reflex is not an arc, a 
drive is not the state of a center, extinction is not the exhaustion of a physio- 
logical substance or state Terms of this sort are used merely to bring together 
groups of observations, to state uniformities, and to express properties of be- 
havior which transcend single instances They are not hypotheses, m the sense 
of things to be proved or disproved, but con\cment representations of things 
already known As to hypotheses, the system does not require them — at feast 
in the usual sen*e 

It is often objected that a positivistic system offers no incentive to experimen- 
tation The hypothecs even the bad hypothecs is said to be justified by its 
effect in producing research and it is held or implied that some such 
device is usually needed This is an historical question about the motivation of 
human behavior There are doubtless man 3 men nho*e cuno’nt) about nature is 
less than their curiosity about the accuracy of their gue oc es, but it may be 
noted that science does in fact progress without the aid of this kind of cx- 
planatoiy prophecy Much can be claimed for the greater efficiency of the 
descriptive astern, when it is once motivated 
Granted however, that e uch a system does possess the requisite moving force, 
it may still be wasted that a merely descriptive science must be lacking in 
direction A fact is a fact, and the po«itivi«tic system does not *ccm to prefer 
one to another Hypotheses arc declared to eohe this problem by directing the 
choice of facts (what directs the choice of hypotheses is not oflcn di«eu?«ed), 
and without them a distinction between the useful and the U'ele«s fact u n:d 
to be impossible This n a narrow view of a descriptive «cience TV mere 
accumulation of uniformities is not a science at all It i< nece~ao to organ i* 
facts in such a way that a simple and convenient description can be git en acJ 
207 
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for this purpose a structure or system is required. The exigencies of a satis- 
factory system provide all the direction in the acquisition of facts that can be 
desired. Although natural history has set the pattern for the collection of 
isolated bits of curious behavior, there is no danger that a science of behavior 

will reach that level. . , _ . . . 

— B. F. Skinner, The Behavior of Organisms, pp. 44-45 


L THE SYSTEM 

In dealing with Skinner, we are concerned with a theorist who now 
espouses no theory, a systematist whose system is still developing, and a 
constructive thinker some of whose most important contributions have 
been those of a critic. 

In the course of his writings, Skinner has presented the results of a 
comprehensive experimental program, and elaborated a theory of be- 
havior based upon it. Since its publication in comprehensive form in The 
Behavior of Organisms, he has, one may infer from more recent writings, 
modified it gTeatly by eliminating several central concepts without sub- 
stituting others. These publications are not sufficient to enable us to 
analyze the system in its current status, so that we will restrict ourselves 
to its earlier form. 

From an examination of this theory, we may learn something of the 
reasons for its alteration, and perhaps reveal some relationships between 
the adequacy of the theory as it was stated and the procedures which 
were followed in its construction. That portions of the theory as it was 
presented in 1938 no longer find complete acceptance is not relevant to 
our purpose; much may be learned from autopsies. 

The revision o! Skinner’s theoretical views has not extended downward 
to his basic assumptions with respect to the nature of psychological 
theory, nor to the elementary statements of much of his data language 
and of the basic laws of behavior. The systematic position is unchanged. 
It is largely at the level at which complex concepts are introduced that 
revisions have been made. 


General Systematic Position 

Skinner secs as the problem of modem psychology the development of 
a comprehensive system, or theory of behavior (44, 57) designed to 
predict and control (and hence to explain) the ongoing activities, motor 
and verbal, of living organisms. The system must grow from the raw data 
of behavior, without bias from preconceptions based on self-observation, 
on ill-defined concepts with theological connotations and capricious 
properties, or on the limited physiological knowledge of our day. Such a 
theory must be objective, in that it must take as its subject matter intcr- 
Gubjcctivc events, descriptive and positivistic, in that it must be purely 
empirical, and it must refrain from elaborating mediating concepts bor- 
rowed from unrelated fields. It must be analytic, isolating significant and 
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lawful relationships between behavioral dependent and environmental in- 
dependent variables Ultimately, it will be statable quantitatively, and 
consist m a set of empirical mathematical laws Its vocabulary will in- 
clude terms referring to the basic data, le, to the analytic units which 
are teased out experimentally and their relations to one another The 
theory will have, as Skinner states at one place, “nothing to do with the 
presence or absence of experimental confirmation [Theories] are 
statements about organizations of facts They are all statements 
about facts, and with proper operational care they need be nothing more 
than that” (57, p 28) To speak of verifiability of theories, according 
to this view, is meaningless, since a theory will contain no statement 
which was not verified before it was placed, in conjunction with others, 
in the theory 

The unique characteristics of the system may be found implicit in this 
pre-systematic orientation The emphasis on positivistic 1 description is 
reflected m a definite rejection of formal theory with its explicitly stated 
postulates, axioms or hypotheses, and subsequent formal derivation of 
logical consequences which may be verified by experimental test 

Some logicians argue that the hypothetico deductive is the unique 
method of science They do so on the basis of their own analysis But that 
is not what Skinner finds that most scientists do — they experiment on 
the basis of “intuition” or “hunch,” elaborated from daily expenence in 
and out of the laboratory They arrive inductively at general laws and 
put these together into systems The general laws come after the experi- 
mental facts are in (61) The great majority do not formally postulate, 
deduce, test — only the minority who have studied the logicians There 
need be no formal check of a system for consistency and independence 
of its laws, for these are empirical assertions, and need not meet the re- 
quirements, at any given time, of a logic-tight system The Maxwells and 
the Bohrs follow the Faradays and the Rutherfords Laws are subject to 
modification or rejection as new experimental data come in, not with 
demonstrations of logical inadequacy Experimental failure tells 

The positivistic position is interpreted as one that deals with behavior 
at its own level The lawfulness, the orderliness to be found in ob<=en ation 
of an organism interacting with its environment is statable without 
reference to events primarily dealt with by other sciences To be sure, 
physiological, chemical, and physical events may uniquely correlate with 
that behavior, but statements about these, however lawful, however well 
worked out, add nothing to the basic data and laws with which the 
psychologist must concern himself They are interesting, to be sure, and 
certainly the psychologist will not wish to formulate laws or to develop 
concepts which will be in any obvious conflict with those laws hut that is 

* It Vapparcnt that Skinner* positivism vs closer to that of Mach and Pearson 
than to that of the more recent logical pos»liw*t* and scientific emj inrisH 
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all. The psychologist, in dealing with his subject matter, may (and 
should) keep half an eye on the contents of the physiological journals; he 
should not feel it necessary to bind his own investigations and concepts to 
information found there. Presumably a comprehensive set of physiologi- 
cal correlates of behavior may be found, but there is nothing in be- 
havioral data which renders this logically necessary or even possible. 
Psychologists, concerned with the investigation of behavior, lose time 
when they engage in physiological diversions. 

The psychologist should equally be careful to refrain from the use of 
concepts derived from his “common-sense” thinking about his own activi- 
ties, for the vernacular is deeply contaminated with older, usually 
animistic, systems and theories of the causation of behavior. The task 
of the psychologist is to relate behavior to the environment within which 
it occurs, and the laws of behavior will be reducible to statements of rela- 
tionships between the two. Although it may be convenient for the present 
to make inferences with respect to “non-behavioral" intervening con- 
cepts (e.g., drive), these should be developed only when they are com- 
pletely necessary, and they must then be assumed to be completely lawful, 
that is, never to act capriciously. They must, moreover, be stated only in 
terms of explicit behavioral operations. Formulations involving mental 
states, whether termed ideas, beliefs, or expectancies, or derived from 
colloquial verbal behavior with respect to “minds” cannot be readily 
freed, however redefined, from an element of capriciousness and subjec- 
tivity. 

Skinner’s views on other current theories of behavior may be sum- 
marized — “A science of behavior must eventually deal with behavior in 
its relation to certain manipulable variables” (61). It will not be de- 
veloped so long as theories are constituted of “explanation [s] of . . . 
observed fact[s] which appeal to events taking place somewhere else, at 
some other level of observation, described in different terms, and meas- 
ured, if at all, in different dimensions . . .” (61). Such theories serve 
only to create a false sense of security and to produce research which is 
essentially wasteful. Skinner’s positivism looks for no models, whether in 
physiology, physics, or in the social behavior of little men housed in the 
cranium. 

How can one pass from the laws derived from a restricted set of 
data to laws adequate to the whole area with which they purport to deal? 
For some theorists, there is no problem. A theory is set up to deal with a 
restricted set of data, and that alone; no attempt is made to extend the 
theory. Such miniature theories arc readily exemplified. But Skinner’s 
specified area of interest is all the (lawful) behavior of all organisms in 
all environment. The inductive basis of the system is limited to rather 
restricted performances of members of a few species. When formal theory 
is lacking, one may expect that a mechanism for orderly extrapolation, as 
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distinguished from analogizing, will be absent as well And, indeed, it is 
A basic terminology for behavior, derived from studies of the dog and of 
the white rat, is applied to the activities of other organisms, and so too, 
are certain experimental procedures When this terminology and these 
laws are established, and when similar variables may be identified in 
more complex instances of behavior, extrapolation follows directly But 
the statement of precise laws, and the detailed application of high-order 
concepts must await, for Skinner, the labor of experimentation in each 
new field Such experimentation, it is assumed, will verify the extrapola- 
tion by analogy that must serve m the interim 

For Skinner, then, the work of the behavioral theorist is largely per- 
forming experiments, of the functional rather than the correlational type 
Theory grows concomitantly m three explicit steps 2 One must identify 
the data which are dealt with and develop a consistent terminology for 
dealing with them, state laws relating classes of data to one another, and, 
when the number and precision of laws justify it, develop high order 
integrative concepts which summarize the laws on a broad basis 

The implications of this position are too often overlooked It is, in a 
sense, nihilistic It proposes that all the conventional modes of thought in 
psychology, phenomenahstic, mentalistic, physiological, be rejected It 
insists that psychologists begin their labors over again, that they develop 
their concepts from the ground up, and base them on the characteristics 
of the data themselves, and not on the language habits and intellectual 
biases of the theoretician Earlier data may, where they meet the criteria 
of experimental control and orderliness of result, be salvaged, but earlier 
concepts may not 

The Theory 

General The system, or, as we shall see, theory, of behavior developed 
by Skinner finds its intellectual forebears in the experimental tradition of 
the physiological investigation of the reflex, and its immediate empirical 
basis m the behavior of dogs in the Pavlovian stock, of rats (and, latterly, 
pigeons) m the Skinner-box, 8 and of humans in their use of words and in 
guessing Its theoretical constructs are remarkably free of the products 
of other trends m psychological thought, and the data accepted for treat- 
ment include no maze studies, no jumping-stand discriminations— indeed, 
the work of few psychologists working outside the framework of the sys- 
tem Skinner is not interested in the experimental problems with which 
most learning theorists concern thera*chcs, unless they arc formulated ns 
ho might ha\e done The reasons for this parochialism arc perhaps many , 
but two can be recognized as most important Many psychological cx- 

*Th^7 steps described by Skinner in 1&17 (57, pp 34-3S) parallel clo^ly h» own 
procedure expen mental and theoretical 

•Skinner did not ao name this instrument 
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penments are unsystematic and complex, that is, they involve scattered 
values o! too many parameters of behavior, -with the result that the rela 
tive control exerted by each cannot be evaluated Second, they make use 
of measures of behavior that are considered limited m significance an 
treacherous to interpret 

The Skmner box, which permits precise control of the environment, 
sharply limits the variety of behavior which can be manifested, and easily 
provides measures of rate 0 / response, was designed early (23) m the 
course of the system’s development It proved to be especially apt for the 
determination of behavioral lav,s not already found in the work of Sher 
nngton (19) and Pavlov (17) The only other apparatus employed to any 
extent in the experimental phase of the program has been the activity 
wheel, used in certain studies of drive (26, 44) To be sure, Skinner has 
occasionally employed other kinds of apparatus, but these have been 
turned to the demonstration of the efficacy of the system's concepts in 
their application to the control of behavior engineering-wise, 4 and not to 
scientific research 

The system of behavior which has developed from these bases is essen 
tially a simple one that has shown itself sensitive to the demands of new 
empirical data The 1 finished" or relatively complete form of the theory 
has been fully presented m the book, The Behavior of Organisms (44) 5 
The changes which have been made since that time are not generally fa- 
miliar to the psychological profession, for they are largely unpublished, 
and were not at all considered (although they were available) in a recent 
summary of learning theories (14) widely considered authontative The 
earlier form is that with which we are concerned, and it will be briefly 
outlined to serve as a point of departure for an analysis of behavioral 
theory construction as it is currently practiced 

Specific treatments The basic products of analysis of the flow of 
behavior (“what [an organism] is observed by another organism to be 
doing”) (p 6) e in a changing environment are stimulus and response, 
defined, respectively, as "a part, or a modification of a part, of the envi- 


*And veiy effectiv ely too Those who have observed work with animal behavior 
m different laboratories are often struck by the remarkable degree of control which 
the experimental technique of Skmner and his students enables them to exert 
over rats pigeons pigs and people (eg 2) While it may be argued that the group 
has avoided problems or situations >ielding poorer control it must be pointed out 
that man* who have tried to duplicate the procedures cannot alnajs do bo until 
tho have had an opportunity to observe them in action These experimental skills 
should not be mistaken for testa of the adequacy of the theory 
•Ulcr references to this work will give only page citations 
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ronment” (p 9) and a part of behavior A second product of the analyse 
of the environment may also be distinguished (although it is not explicitly 
stated as such m the system) This is the class of events called operations 
(e g , deprivation and reinforcement) manipulations of the environment 
of the organism according to specified rules The laws of behavior state 
orderly dependent relationships between properties of stimuli and of re- 
sponses, and of operations and of responses Two classes of reflexes, rela- 
tionships between stimulus and response, are distinguished, according to 
the laws, static and dynamic, that pertain 

The kind of behavior that is correlated with specific eliciting stimuli may 
be called respondent behavior, and a given correlation a respondent Such 
behavior as is not under this kind of control I shall call operant and any specific 
example an operant The term reflex will be used to include both respond 
ent and operant even though in its original meaning it applied to respondents 
only A single term for both is convenient because both are topographical units 
of behavior and because an operant may and usually does acquire a relation to 
prior stimulation (pp 20-21) 

A respondent, then, regarded as a correlation of a stimulus and a response and 
an operant regarded as a functional part of behavior are defined at levels of 
specification marked by the orderliness of dynamic [ vide infra ] changes (p 40) 7 

Neither stimulus nor response, then, may be defined independently of 
each other and both are classes of events, whose defining properties must 
be determined by experiment Thus the identification of stimulus, re- 
sponse, and reflex require more than that the experimenter, on the one 
hand, present an object to the organism or otherwise produce a change 
in the environment, and that he observe, on the other, a correlated move- 
ment or act He mast demonstrate the repeatability of the observation, 
and he must also show by a senes of experiments that this stimulus- 
response, or operation-response relationship behaves as do others already 
shown to obey the laws of the respondents and operants These usages of 
the terms “stimulus” and “response” do not correspond to those of physi- 
ologists 8 

T Thi 3 definition, taken with the tenth and the twelfth of the IaW3 of behavior, 
implies that both operants and respondents can be conditioned, 1 e , that they are 
"docile” The first of these two quotations further clearly suggests then, that all 
behavior obeys one or the other of two sets of laws and hence can be conditioned 
•The restrictions placed on the use of the terms "stimulus” and "response ’ in 
Skinner’s system are often overlooked, most writers consider that Skinner’s re- 
sponses are “acts ” i e , effects upon the env ironment produced by the organism 
and not the simple reproducible movements which are the reflet response of the 
physiologists As Skinner has defined his terms, a response may be of either sort, 
it is the organism’s behavior that determines whether an "act ’ or a "muscle- twitch” 
is a response Similarly, whether stimuli are "mazes of a particular pattern ‘ chairs 
‘bars,” or a “light of a specified wave-length intensity, size and duration emitted 
by a’ patch of such and such size, pattern, and distance from the organism will 
depend on the organism’s behavior, rather than the predilection of the theorist 
The cant terms “molar ’ and ' molecular” cannot be applied m an intelligible way 
to thi3 construction 
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Given this analysis of behavior and environment, Skinner has devel- 
oped a series of laws, in part restated from Sherrington’s reflex physi- 
ology, in part from Pavlovian conditioning (“conditioning of type S ) , 
and the remainder derived from his own researches. It is with these latter 
that we are concerned, since Skinner has not expanded a treatment, theo- 
retical or experimental, of respondents. The system developed in The 
Behavior of Organisms, then, deals principally with operant behavior. . 

Although it appears that operant behavior includes all behavior that is 
not elicited by specific stimuli, in detailed treatment only those responses 
are termed “operants” that can be brought under experimental control 
through the operation of "reinforcement” (so that their rate of occurrence 
becomes high, and changes in an orderly and predictable way as a func- 
tion of schedules of reinforcement, of “drive,” and, in some cases, of the 
presence of specific "discriminative stimuli”). They are spoken of as 
“emitted” rather than elicited since their first occurrence is neither pre- 
dictable nor controllable except to a crude approximation; that is to say, 
it is “spontaneous” (p. 20) . 

The presentation of a reinforcing stimulus following the occurrence of 
an operant response is found to have two effects: first, that of increasing 
the strength of the response (as measured by its rate of occurrence) , and 
secondly, of increasing the “reflex reserve," a store of potential responses 
that may occur without further reinforcement and that show themselves 
in extinction. Thus if reinforcing stimuli are withdrawn, the animal con- 
tinues to respond, at a declining rate, “until the reserve is emptied,” at 
which time the response reaches its initial strength and is no more pre- 
dictable or controllable than it was before reinforcement was introduced. 

Two quantifiable variables, aspects of the identified response, underlie 
these concepts: the rate at which the response occurs in the situation, and 
the total number oj times the response is given after reinforcement is 
withdrawn. Both are typically obtained from response curves generated 
by the organism in the Skinner-box, which show the course of changes in 
rate and total number of responses, and hence in strength and reserve, and 
whose form approximates an "envelope,” a smooth and ideal extinction 
curve. 

Skinner’s earlier laws relate these two dependent variables, through 
their set of correlated constructs, “reflex strength” and “reflex reserve,” 
to environmental variables. Additional concepts, some closely related to 
these (c.g., strength/reserve ratio, immediate reserve) and others, corre- 
lated with complexes of operations (drive, emotion) enter. Further sets of 
operations permit the operant response to come under the control of dis- 
criminative stimuli whose presence “set the occasion” for (p. 22) the 
emission of (n.b., they do not elicit) a response. In these terms, Skinner 
is able to handle almost all the conventional data-set problems of con- 
ditioning and learning. This treatment may be briefly stated. 
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Conditioning. The acquisition of an operant CR is shown by 
increase in the rate of response following reinforcement “A C R is said 
to be conditioned in the sense of being dependent for its existence or state 
upon the occurrence of a certain kind of event, having to do with the 
presentation of a reinforcing stimulus” (33) 


[It] may be identified as such by showing that it did not exist until the 
operation of reinforcement had been performed It may also be distinguished by 
showing that through elicitation without reinforcement it is removed from 
the repertory of the organism (p 62) ‘ The change m strength called condition- 
ing is distinguished by the specific operation that brings it about (p 62) 

One reinforcement (the presentation of a reinforcing stimulus) in the 
absence of complicating variables such as emotional stimuli, raises the 
(momentary) strength of the response to a maximum As the number of 
reinforcements increases beyond one, the size of the reflex reserve in- 
creases, but the strength does not change The reflex reserve has the “di 
mension” of a number of responses, which will occur without reinforce- 
ment Reinforcing stimuli, such as food and water, must be presented 
immediately following the response if conditioning is to occur As the 
presentation of a reinforcing stimulus is delayed, its effectiveness in 
changing response strength and m increasing the reflex reserve is de- 
creased 

Stimuli that regularly produce behavior that has been reinforced by 
food (23) become reinforcing stimuli themselves 9 

Extinction As responses are made without reinforcement, the reflex 
reserve is depleted until it is emptied The strength of response is a func- 
tion of the size of the remaining reserve (the number of responses avail- 
able to be made after extinction is complete) , so that the rate of response 
drops off gradually to its unconditioned value ( 'operant level”) The 
process reverses the process of conditioning (24) It is dependent upon the 
occurrence of the response extinguished “In a chain of reflexes not ulti- 
mately reinforced only the members actually elicited undergo extinction” 


Stimulus generalization (or equivalence). The strength acquired by 
an operant response through reinforcement is a function of the stimuli 
present at the time of acquisition, and will vary as a function of the 
degree of similarity of the stimuli present at the time it is emitted to 
those under which it was conditioned The size of the reserve, however, is 
independent of these stimuli This behavioral phenomenon is called “in- 
duction ” 

Response equivalence If two parts of behavior, however different 
topographically, may be interchanged without altering the form of func- 

' •Skinner states it ’The sound of the msgarinc now aceuires reinforcing 
r>ow*r ’ (p 53)# and OB 310 l h e sound of the magazine Urns becomes the 
S [remforeme stimulus] of the second formula for conditioning" (23) 
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tions obtained when both may and do in fact occur, they fall into the 
same response class; i.e., they are both instances of the same response. 
Thus, a movement of either the right or left paw may constitute a bar- 
press.” Further analysis may be left to the physiologist; this is not the 
psychologist’s immediate concern. 

Discrimination. "The strength acquired by an operant through rein- 
forcement is not independent of the stimuli affecting the organism at the 
moment, and two operants having the same form of response may he 
given widely different strengths through differential reinforcement with 
respect to such stimuli” (p. 228) . 

Response decrement (not associated with fatigue). Other learning 
theorists deal with problems developing from experiments where the 
spacing of trials is varied in terras of concepts such as “reactive inhibi- 
tion.” In the Skinner-box, when rate of response is the dependent variable, 
such effects cannot occur, and correspondingly, Skinner gives no treat- 
ment of this and allied problems. 

Drive. “[Drive] presents itself simply as a class of dynamic changes in 
strength” (p. 23) . Certain operations (withholding food from the animal) 
define “states” of the organism, of which the proportionality between 
response strength and reflex reserve is a function. These do not affect the 
size of the reserve. The learning-performance distinction is handled in 
terms of this ratio. It should be noted that reinforcing stimuli are most 
effective in conditioning when they are “appropriate” to the drive 
(p. 376). Thus: “Whenever we present a state of affairs which is known 
to be reinforcing at a given drive, we must suppose that conditioning 
takes place” (59), and “the reinforcing effect of a pellet of food varies 
linearly with the amount previously eaten” (38) , and “the reconditioning 
effect of a single reinforcement is a function of the drive” (p. 402). Again, 
“in a conditioned operant, the drive governing the strength is determined 
by the reinforcement” (p. 372) . No theoretical account of this relation- 
ship between reinforcement and drive is given. Drive reduction theory is 
avoided as follows: “behavior that is strengthened during the heightened 
state of a drive usually leads to an operation affecting that drive” (p. 373) . 

Higher mental processes. No full accounts are given of the “higher 
mental processes,” which presumably include such behavior as matching, 
choosing, and so on. It is proposed, however, that they may be fully un- 
derstood in terms of simple modes of behavior: “The data in the field of 
the higher mental processes transcend single responses or simple S-R 
relationships. But they appear to be susceptible to formulation in terms 
of the differentiation of concurrent responses, the discrimination of stim- 
uli, the establishment oi various sequences of responses, and so on. There 
seems to be no a priori reason why a complete account is not possible 
without appeal to theoretical processes in other dimensional systems” 
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(61) 10 Thus of choosing it is said, "choosing (like discriminating, match- 
ing, etc ) is not a particular piece of behavior It is not a response, or an 
act with specified topography The term characterizes a larger segment 
of behavior m relation to other variables or events” (61) 

Such, briefly stated, is Skinner’s theory of behavior as it was outlined 
in 1938 We may note that no quantitative lavs have been stated There 
are a few equations which may have this status, one of which relates the 
number of responses made during the extinction to the time since rein- 
forcing stimuli were withdrawn (N = k log t) (p 88) Time, it should 
be noted, is the independent variable given in almost all of Skinner’s 
data, the other independent variables appear as parameters 
Since 1938, several changes have been made in the formulations pre- 
sented m The Behavior of Organisms In one case, an explicit change m 
the statement of the properties of a higher-order concept (reflex reserve) 
is made (48) , thereafter the concept is termed “not particularly useful” 
and presumably dropped (61) In others, new concepts and terms arc 
introduced in the place of those used earlier, these are formulated with- 
out the rigor needed to make it possible to restate the system They are, 
however, explicit enough to indicate that certain older concepts arc no 
longer advocated Thus, "novelty” (61) of the environment displaces the 
concepts of reflex-reserve and reflex-strength in some contexts, and the 
notion of “probability of response” (61) 11 m others 

It may be inferred that, since the publication of The Behavior of 
Organisms, both new results and the inadequacies of the system pre- 
sented here have led Skinner to give up for the time being attempts to 
systematize the experimental data as extensively as in that book, and to 
devote himself to the gathering of experimental data that may serve 
to suggest further concepts, equally positivistic, to replace or extend the 
old (61) 

Since this seems to be the case, there is little point id attempting to 
bring Skinner’s more recent work into the scope of the present entique 


II A STRUCTURAL ANALYSIS OF THE SYSTEM 


Tho structure of Skinner’s theory, its special usages and systematic 
conceptions prove to be determined in many respects by the prc-thcorcti- 
cal point of view of its writer Certain difficulties in the derivation of 
concepts, and in the relating of Ians and primitive terms to their experi- 
mental bases appear Similarities in terminology often obscure gross dif- 


*• Skinner uses the term 'dimensions" in the sense ot sets of independent and 
dependent sanables associated together at a pnen teiet of ob-cn-alion 
■'This term is not well-defined in Skinners usaee, it cannot casdj be interpreted 
in terms of its usual mathematical meanina It misht be defined as "the distribution 
of responses in time." which is not sen different from the prouously employed rate 
of response 
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ferences between this theory and some others, these exhibit themselves 
when the structure of the theory is extracted from its experimental and 
polemic context 
Data Language 

Among behavior theonsts, Skinner has been concerned most explicitly 
with the problem of the general terminology and data language of psy- 
chology, a language whose function is unequivocal communication be- 
tween individuals on the subject matter of the science, whose referents 
are the intersubjectively observable, and whose terms are the undefined 
primitives of theory 

The data language which Skinner employs is composed of several parts 
The first is ordinary English, that is, the vernacular, with the very im- 
portant restriction that all terms or grammatical constructions that 
imply conceptual schemes be barred As Skinner puts it “The sole cri- 
terion for the rejection of a popular term is the implication of a system 
or of a formulation extending beyond immediate observations” (p 7) 
Thus, “hear,” “feel,” “try,” “need,” “in order to,” and “intention” cannot 
be included in the data language of a science of behavior, although in 
many cases it might be possible, by a Watsonian process of translation 
or by the recently fashionable and perhaps over-worked “operational 
definition,” 12 to give these terms a sharply restneted meaning within the 
data language, and so to introduce them into it 
Data language In this first component, Skinner is in excellent agree- 
ment with other behavior theorists, and his usage meets all the criteria 
for an adequate data language for a science of behavior Examples of this 
data language may he found m Chapter If, “Scope and Method,” of TAe 
Behavior of Organisms , e g 

The principal precaution that must be taken is m the handling of the animals 
at the beginning of an experiment The effects of handling may be minimized 
b> confining the nt behind a release door when it is put into the experimental 
box and allowing it to remain there for a minute or two after the box is closed 
and before the experiment proper begins The release door should be reasonably 
silent in operation and out of reach of the rat when open The drawing in 
Figure 1 shows such a door in place It is operated by a projection of the shaft 
upon which it is mounted and is held against the ceding when open (p 57) 

The entire behavior of lifting up the forepart of the body, pressing and releas- 
ing the lcacr, reaching into the tray, seizing the pellet of food, withdrawing 
from the tra>, and eating the pellet is, of course, an extremely complex act (p 
*ji) 


The morement of the Icier is recorded electrically as a graph of the total number 
of rt^pon'es plotted against time The required apparatus consists of a slow 
kjanograph and a \crtically moving writing point At each response the point 
^ a uniform distance by an electrically operated ratchet A step hhe 

“Or, mo-c often operation*! redefinition 
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line IS obtained the slope of which is proportional to the rate of responding 
The speed of the kymograph and the height of the step are chosen to give a 
convenient slope at the more frequent rates of responding In Figure 2 
some representative slopes are given for the coordinate values used in the 
greater part of the following account The step like character is not shown in 
the figure [The movement of the lever operates the recorder by closing a 
mercury switch on the other side of the panel bearing the lever In the first 
experiments with this method a needle attached to the lever arm dipped into 
a small cup of mercury When the lever was moved slowly there was a tendency 
for the contact to chatter, and this was corrected by inserting into the circuit to 
the recorder a device which made it impossible for a second contact to be re- 
corded within, say, one second It has been found that a commercial mercury 
tube switch does not require this precaution ] (Pp 59 60 ) 


Doubtful data language A second component of Skinner’s data lan- 
guage is in quite different status Terms that function as data terms are 
introduced into the system without definition Theoretical concepts are 
derived from them, but not in such a way that the derivations can be 
said to constitute implicit definition These words do not meet one very 
important criterion for data language Specifically, they are not such 
that agreement upon usage can be obtained from workers in the field 
regardless of theoretical biases and which are free of any reference to 
theoiy {that is, to the theory for which the set of terms m question func- 
tions as data language) 13 Since these terms often appear in conjunction 
with theoretical concepts, and in the statement of quasi-empincal laws, 
they introduce serious problems to the analyst A simple example is the 
following 


A few special aspects of the records may be noted The last horizontal lino 
in each case might have been extended considerably to the right, for with the 
last recorded pellet the rat ceased eating altogether The curves, therefore, end 
abruptly This is typical of records obtained with either procedure An example 
of another characteristic which has already been discussed, is offered by Figure 3 
At about the fiftieth piece of food the rat stops eating for a short period and 
consequently falls slightly behind the schedule set by the equation The delay 
is followed, however, by a sharp acceleration, which brings the curve back to 
its proper position After the first step, which is exceptional, the reco\ery curve 
is convex upward and remarkably uniform in its curvature Note that its initial 
rate is greater than that of the beginning of the mam record (23) 

More difficult terms appear in further statements about cumulative 
response curves, and they are used to derive several higher-order con- 
structs such as the “immediate reserve " The> include the following 
“scallops” on the curves, “compensator} increase,” “grain/ “wa%c like 
character,” “nearly maximal value,” “depressions,” and, especially , "cn- 


”Wc should perhaps entertain the euggestion that if one were to work with 
Skinner and read his records with him he would find himself able to mate the 
Mmc discriminations as docs Skinner and hence eventual pve *ome of then at 
least data language status 
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vetop ” It is impractical to assemble an exhaustive list We shall, how- 
ever, analyze one such term in its context 
“Envelop” is introduced m this wise 

In Figure 8 we may inspect more easily the theoretical curves that have been 
fitted to the data They are logarithmic and are drawn as envelops, upon tne 
assumption that the deviations are depressions (p 77) 

And again 

A logarithmic envelop may be drawn above the curve (the broken line is 
for the equation N = K log t, where N is the number of responses at time t 
and K is a constant), although the actual contacts with the experimental curve 
are no justification for such a form in this particular case (p 88) 

The difficulty is this the “envelop” refers to a line drawn above em- 
pirical curves These lines seem to have been drawn so that they touch a 
number of points on the curve where the rate of response drops off sharply 
for a time, and so that they are approximately logarithmic When equa- 
tions are given for them, as in the example in the preceding paragraph, 
they are referred to as theoretical Irregularities, departures from order- 
liness m empirical extinction curves are thus taken to be deviations below 
a “real” curve Thus the term envelop is introduced into and used as part 
of the data language, drawn, perhaps, from mathematical English It is 
not, however, used in the mathematicians’ sense, and it communicates 
little to the reader 

This use of the term disturbs the theory- analyst, since it plays a large 
role in the “explanation” of data and in the definition of the higher order 
constructs already mentioned Such data-language usage of the term en- 
\clop, with its consequent ambiguities, could be avoided if the writer had 
included among his defining laws one stating a specific form for the 
“extinction curve ” If this had been done, the family of concepts based 
on the envelop would have an explicit basis One is, m fact, forced to con- 
clude that just such a defining law (postulate) is involved m the theorist’s 
u^o of “envelop” but that it has been suppressed 
The third class of data language Members of the third class of data- 
language terms are perhaps the most difficult to evaluate As we shall sec 
later, the theory incorporates a set of concepts that are defined m terms 
of the pnmitvs e laws and concepts of the theory These concepts are re- 
ducible to the data language, through the chain of laws, formal defini- 
tions and the usual paraphernalia of theory These concepts are also 
linked to the data through a second senes of steps Such a dual linkage 
of concepts to data is not unusual since the concepts are thus able to 
integrate two sets of laws, one might prefer them Indeed, some would 
consider it essential to a concept that such explicit duality be demon- 
strable 

In the present in't'incc, however, the second senes of reduction chains 
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are not clearly stated as such The chain is omitted, and the theoretical 
terms are endowed with data-language status An equivocation occurs 
The analyst, interpreting what has been done after the presentation, may 
state that the theorist is giving the experimental symptoms of the con- 
cept introduced Skinner, how ever, often writes as if he were making as- 
sertions in the data language about observable events Examples of these 
usages which are pertinent to the present discussion include the following 

So defined a refiex is not, of course, a theory It is a fact It is an analytical 
unit, which makes an investigation of behavior po'nble (p 9) 

The reflex as an analytical unit is actually obtained in practice The unit is a 
fact, and its validity, and the validity of the laws do not depend upon the 
correctness of the analytical assumptions or the possibility of a later synthesis 
of more complex behavior (p 29) 

As we shall see later, a “reflex” is indeed a term that is formally defined, 
and is only eventually coordinated with statements in the data language 

These words do not have data-language status, but the theorist seems 
to be stating that they do Not everyone can identify a reflex 

The data language employed, then, is basically sound, but it is con- 
taminated by data-language usage of two other sets of terms Tolman, we 
shall see in the section of this book dealing with his theory, also employs 
such a quasi-data language The difficulties Skinner encounters m his data 
language are quite different from Tolman’s, they come from an uncritical 
introduction into the data language of terms that cannot be successfully 
used by many others, and from a tendency to treat the names of higher- 
order concepts as if they had data-language status, that is, as if they 
referred to events directly observable and atheoretical 

Basic Concepts and Laws 

The technique followed by Skinner in introducing the primitive terms 
of the theory is straightforward When the embedding material is stripped 
aw ay, his procedure is this the pnmitiv e terms, such as "stimulus," "re- 
sponse,” “reflex,” “operant," “respondent,” and “reflex strength” are 
implicitly defined in a set of formally stated lows At this Etagc, the terms 
have no empirical content, and are not subject to any Kind of independ- 
ent definition When the laws serving ns rules for the u»c of the terms 
within the system have been stated, definitions coordinating these terms 
with data-language statements, and hence asserting an empirical status 
for the laws, arc explicitly given The whole operation, then, serves to 
define the subject matter of the theory and to make explicit tho=e kinds 
of events with which the system deals Given this sv-stem, still further 
laws arc stated, which have been arrived at inductively through cxjvn- 
mentn! procedures It is nccc-mr. , then, to consider the status of there 
Jaws, and of the primitive concepts together 
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The formal laws. 14 The first twenty laws, which include five “Static 
Laws,” eight “Dynamic Laws,” and seven “Laws of Interaction/' are 
purely formal and are those that yield the definitions referred to above 
“We are [however] in a position to demonstrate [them] ” (p 12) 15 The 
balance have the character of empirical laws, since they have been estab- 
lished independently of both the other laws and of the definitional sys- 
tem, although once stated they play a formal role as well Each of these 
formal laws involves a statement relating a dependent variable to an 
independent variable These variables are specified as some property of 
the terms "stimulus,” "response,” “reflex,” “strength of a reflex”, they 
are brought into relationships with one another through the medium of a 
verbal structure which has the character of data language, descriptive of 
some manipulation The defining laws are approximations to empirical 
Ians in that they are statements based upon classical experimentation on 
the spmal reflex, and the salivary conditioned reflex They are not empiri- 
cal laws in the absence of independent definition, formal and coordinat- 
ing, of the terms that appear in their statement 
The terms appearing in the laws are next brought into relationship 
with one another formally, in further statements 


Such a part, or modification of a part, of the environment is traditionally 
called a stimulus and the correlated part of the behavior a response Neither 
term may be defined as to its essential properties without the other For the 
observed relation between them I shall use the term reflex Only one 
property of the relation is usually invoked m the use of the term — the close 
coincidence of occurrence of stimulus and response — but there are other im- 
portant properties to be noted shortly (p 9) 

A. respondent [reflex'!, then, regarded as a eottelaUnn. of a. eUwwhis and a 
response and an operant regarded as functional part of behavior are defined 
at lev els of specification marked by the orderliness of dynamic changes [l e , 
obedience to the dynamic Ians]” (p 40) 


In these formal terms, full definitions within the system of “operant” 
and “respondent” behavior are achieved, as well as of “reflex strength ” 
When this self-contained sjstem is complete, then and only then arc 
coordinating definitions that relate these terms to data-language state- 
ments and that a^ert empirical relationships, achieved This resolution 
proceeds m an orderly way, beginning ruth the rvord “response,” which 
is coordinated, in The Behavior of Organisms, ruth “pressing a bar” 
‘Reflex strength” is coordinated ruth the frequency of occurrence of 
closures of a bar-operated rclnr, “Reflex strength,” incidentally, acts as 
both a pnmitirc concept, and a higher-order concept, ns we shall see 
later 

The e mpirical lares Manj empirical laws are formally stated, these 


“These law arc pren >n Ihc appendix (o this tectum 
H- re ' 1P5 K ‘ 0t,,cr ,n -' t,n,:8 OI Stunner's me of a thud class of data 
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appear in the appendix of this chapter. Others are not, and their general- 
i y remains questionable. For example, consider: “it may be concluded 
from the high frequency of occurrence of the instantaneous change that 
a single reinforcement is capable of raising the strength of the operant to 
essentially a maximal .value” (p. 69). The informal statement suggests 
that this is not a very important generalization; the phrase “is capable,” 
that it is a tentative statement. But the next few pages of the text give 
five reasons that account for observed failures of the law. These are 
treated in some detail. The status of this law, like that of many others, is 
doubtful. 

Basic Constructs 

Stimulus. The specification of those parts of the environment which 
are coordinated with the term “stimulus” is determined empirically. 
“Stimulus” refers to any part of the environment that is related to some 
specified operant or respondent according to the laws of the system. Thus, 
any specifiable part of change in a part of the environment may prove to 
be identifiable as a stimulus. Doors and bars may be stimuli, lights, 
buzzers , may be stimuli, and further specification need not be given. Any 
physical event or object, however, produced by and controlled by the 
experimenter is not a stimulus; it must be shown empirically to play a 
role in the lawful relationships that have been stated. 

Stimuli are not, then, independent variables in the strict sense of the 
term, although once they have been identified they can perhaps be ma- 
nipulated as such. The result is that, within the system, stimuli cannot 
be identified or specified in advance of an investigation. They must he 
discovered in the course of it. Parts of the environment may be manipu- 
lated by an experimenter as if they were stimuli, but it falls upon the 
experimenter to demonstrate that they do indeed control the dependent 
variable, frequency, or rate of a specified operant or magnitude or 
strength of a specified respondent according to the Jaws. It may prove im- 
possible to specify stimuli verbally other than in such terms as “the bar,” 

“the lower right angle of a triangle,” and even "anything red.” 

This treatment of “stimulus” is extended to human verbal behavior. 
Words are “stimuli” only if they act as such in lawful behavior. In an 
experiment in which abstract words were manipulated as stimuli, response 
distributions deviated from those obtained with other words, whose status 
as “stimuli” was unequivocal. In Skinner’s words, “This may mean, not 
that the relation is invalid, but that words of this sort arc not properly 
to be regarded as simple units in the dynamics of verbal behavior” (42a). 

The specified independent variables of behavior — stimuli — are then, in 
fact, “chosen by the organism,” i.e., they are inferred from the organism's 
behavior just as are Lcwin’s “behavior fields.” Once identified, however, 
they may be manipulated independently of it. In practice, it should he 
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noted that this restriction of the word stimulus is overlooked, and "stimu- 
lus” is used much as others use it If Skinner’s experimental interest in 
“stimuli” were greater and the use of the term m describing behavior 
more rigorous, the difference might be more evident But so far, experi- 
ments concerned with determining the defining properties of a stimulus 
class 16 are seldom encountered, and the striking difference between Skin- 
ner’s concept of "stimulus” and Hull’s is submerged 

Some remarks on “stimulus ” If one looks into the various definitions 
and usages of the word “stimulus” by psychologists, one finds at least 
four different ways m which the term is used 
The first usage, which we shall call "Stimulus I/’ places “stimulus” 
unequivocally in the data language, and corresponds closely to the verbal 
definition given by Skinner a part, or a change in a part of environment 
This simple definition is often amplified by the inclusion of statements 
about states or changes in states, of physical energy In ordinary use, this 
amplification is not made, either because it is considered unnecessary or 
because it is not feasible Stimulus I appears in the experimental learning 
literature as a data-language term (eg, “the positive stimulus was a 
single white circle eight inches in diameter”) , in psychophysiological ex- 
perimentation (“the intensity of the stimuli presented varied in steps of 
10 log units over a range of 1 40 log units, which made it possible to 
obtain the complete frequency of seeing function”) , and is perhaps im- 
plicit m Hull’s position The most explicit treatment of this use of the 
term is that of Bergmann and Spence (1) 

“Stimulus II” corresponds with the concept of stimulus found in die 
tionancs of psychology, m physiology, and m textbooks Both Harnman’s 
definition (9), “any form of energy which elicits a response,” and War- 
ren's (64), “an energy external to a receptor, which excites the recep- 
tor,” accept the basic definition of Stimulus I, but they limit the kinds of 
environmental events that will be termed stimuli to those classes that 
ha\c been found empirically to produce some kind of response (unspec- 
ified) in some kind of organism (unspecified) under some kind of condi- 
tions (again, unspecified) Thus, a tone of 40,000 cps is now a stimulus if 
*\c are talking of bats, but not if we are concerned with men, and an 
illuminated area of specified physical characteristics ^shose brightness is 
3 oO log micro micro-lamberts is a stimulus for Doakes, who is normal, 
but not for Oakes, who is mght-blmd This definition places a limitation 
ontheu’c of the term which is perhaps based on the fact that there is 


and poworful theoretical treatment of the word ‘etirnu- 
Thu Ahe fn>W 5 «f ' C0 ™ p,ctcl > clarified the meaning of the term to himself 
, 1DCT ™* C his rate of response maximally after one 

d " - is attributed m one paper to conditioning 

the stimulus (23) m Guthni fashion This state 
£££, (32^4) 1 hm hC * yBtcmatlc treatment given to ‘stimulus’ in other 
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seldom any occasion, m psychology, to speak of energy changes to which 
no known organism ever responds (and hence which appear in no law) It 
leads to a shift of stress in the specification of environmental independent 
variables to the organism This may have rather peculiar consequences 
for example, one becomes rather uneasy in speaking of "sub-threshold 
stimuli ” It is no wonder that this definition of stimulus, supposed by 
many to be employed by all psychologists, is more honored in the breach 
than in the observance 

A third usage, Stimulus III, is that followed by Skinner Here, "stimu- 
lus’* refers to a class of environmental events that cannot be identified 
independently of observations of a specified activity of the organism and 
that must control that activity according to a specified set of laws A red 
triangle of specified physical characteristics may not be termed a stimu- 
lus when it is repeatedly presented in association with food to, say, a dog, 
until the dog comes to salivate regularly in response to it according to the 
laws of behavior Thereafter, it need be specified only insofar as it can 
be seen to control the specified behavior systematically But if we find, 
upon further experimentation, that any red object controls the response, 
according to precisely the same laws, and also that triangles that are not 
red do not, then, by this usage, the red triangle can no longer be termed 
the stimulus, and something else, presumably “anything red,” is the stim- 
ulus And so, although we may empirically identify mampulable objects 
and events that we may call stimuli, we do this on the basis of a construct, 
m Skinner's case, the reflex — and the term stimulus is stripped of all data- 
language status It is a quasi-mdependent variable, and when the term 
is used rigorously must- be carefully stated as a stunuJ us-f or-knee-; ark, 
stimulus-for-bar-press, and so on A parallel concept of stimulation, the 
“releaser” is found in the work of the ethological school of students of in- 
stinctive behavior (62) 

The fourth common usage of the term in psychology corresponds to the 
second usage, with the very important modification that hypothetical or 
inferential classes of physical events (usually intraorgamsmic) are also 
referred to as stimuli This important extension of the concept “stimulus” 
is based upon physiological laws Given these laws, and the observation 
of some of the events the physiological laws describe, the occurrence of 
appropriate stimuli is assumed Stimulus IV, then, refers to purely hypo- 
thetical events, inferred from the behavior of the organism, much as 
Skinner’s “stimulus” is a logical construct derived from the observation 
of orderly behavior Thus, Guthrie (8) speaks of “movement produced- 
stimuli,” and Miller (16) of “response-produced-stimuli ” There is a dif- 
ference between these two, however, since Guthne uses the word mdifTer- 
ently and Miller seems to restrict himself to the use of stimulus for the 
hypothetical concept, and to use the word “cue” for what we have termed 
Stimulus I 
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In neither of these last two usages, however, can the word “stimulus” 
be considered as referring to an experimentally manipulable environmen- 

tal variable , „ . 

It is unfortunate that a single term is employed for such different con- 
cepts, theoretical difficulties will necessarily ensue, as they have for 
Skinner By his indifferent use of the term — data-language-wise, and 
construct-wise, he produces a store of future difficulties for the system, al- 
though they are not immediately apparent in The Behavior of Organisms 
itself In this work both usages I and III of the term are applied to the 
same environmental events, and the inconsistency seldom becomes appar- 
ent In large part the superficial success of the ambiguity is an artifact 
of the particular experimental problems with which Skinner has con- 
cerned himself, and with his lack of interest in. the stimulus control of 
behavior as such If he had studied problems such as transposition in dis- 
crimination learning, the equivocation would quickly be evident 17 and 
perhaps a solution found 

In Skinner’s system, then, the term stimulus does not refer to an en- 
tirely independent variable of behavior Stimuli are not identifiable, 
except on the basis of the organism's behavior, they are not manipula- 
ble , 18 except by inference through the laws of the reflex 
This use of a term ordinarily employed m referring to the classical 
independent variable of behavior is a significant one The restricted range 
of cxpenments on which the theory is based, and the extreme positivistic 
point of view both seem to have facilitated the easy intrusion of an equiv- 
ocation and the evasion of its consequences, experimental and theo- 
retical The difficulty suggests, for all learning theorists, the need for a 
terminology that will not permit such an ambiguity to arise m the first 
place 

Such inference-backward to quasi-independent variables m behavior 
seems to be characteristic of the work of many behavior theorists 
Outline, we have noted, speaks of “movement-produced-stimuli,” Lcwm 
of bchauor fields and forces, and others of perceptions Quasi-variables 
arc almost clmractcnstic of psychological theory It is not impertinent to 
ask whether, since this is so regularly the case, it will ever be possible 
to develo p a science of behavior in which laws relating data-language- 


In Skinner a most recent publication (61) the difficulty does arise In this, an 
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Btimuli to data-language-responses can be found. Is it necessarily the case 
that “stimuli” become response-inferred concepts, bearing no necessary 
relationship to what is put in front of the organism? 

One possible solution to this problem can be found in psychophysics. 
In dealing with the response to electromagnetic radiation, a parallel prob- 
lem was encountered. The solution achieved required considerable experi- 
mental work, and was not easily arrived at. But by the introduction of a 
hypothetical construct — “retinal sensitivity to wave length” on the basis 
of empirical functions (the visibility curves), which were systematically 
related, on the one hand to the physical dimensions of the stimulus, and 
on the other to a simple response — a system has been constructed which 
provides for the rescaling of physical energies for convenient prediction of 
response, such that the manipulation of electromagnetic energy as a rela- 
tively simple independent variable, and the elaboration of laws relating 
various values of this variable to behavior become possible. 

Few behavior psychologists have recognized the existence of this prob- 
lem, and where they have (as Tolman may have, 63), the labors of de- 
veloping the necessary constructs have perhaps led them to hold in abey- 
ance work on this critical problem. 

Response. The term response presents analogous difficulties, which 
remain unresolved within the theory. It is used indifferently in referring to 
a broad concept, the class of responses that produce the cumulative 
curves, which is “generically” defined (32), and to the single observed 
event. In the latter instance the term is used as if it were part of the data 
language. Operant responses are typically defined in terms of the “re- 
sponse,” and yet it is possible, it appears, to refer to “two operants with 
the same form of response,” (the 23d law, page 313 of this article, even 
before “two” operants have been distinguished on the basis of differences 


in discriminative stimuli. 

The testability of the laws of behavior. It is clear from the foregoing 
that it is impossible to choose responses, or to specify stimuli or reflexes, 
as one wishes. The procedures for relating the terms of the theory to the 
data language require that in each new case where it is desired to use the 
terms, empirical investigations first show that the specific coordination 
leads to another verification of the laws of behavior. If it does not, then 
the behavioral and environmental variables were not “responses” and 
“stimuli.” Thus many of Skinner’s laws of behavior are exhibited as un- 
testable. Those twenty that define “stimulus” and “response” are formal, 
definitional laws, which are not subject to disproof. They state the con- 
ventions for the application of the terms stimulus and response. They 
serve, in empirical application, to define that segment of the activities of 
an organism, those parts of his environment with which the theory 
deal. Thus the theory only deals with that part of the activities of organ- 
isms that obeys its laws; this is behavior (cf. p. 273 above). Anything 
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else that the organism is observed to do is presumably not behavior, for 
it is asserted that operants and respondents together include all behavior 
To test the empirical content of this last statement is difficult It is not 
at all impossible, or improbable, that much of what others call behavior 
may lie quite outside Skinner’s system This is especially interesting when 
we consider the concept “reinforcement ” If a change in behavior which 
acts like conditioning can be shown to occur without the administration 
of “reinforcing stimuli,” then it simply does not fall within the scope of 
Skinner’s system “Reinforcing stimuli” might have to be hypothesized if 
this verc the case, even though they were unobservable They might be 
termed “unidentifiable,” or “unspecifiable,” as is the case with the stimu- 
lus components presumed for operant Teflexes before they are conditioned 
This state of affairs does not lead to difficulties as serious as it might, 
since in practice the defining laws can be restated if they prove to exclude 
too much of an organism’s activities from consideration In effect, they 
can be treated as if they were verifiable 
The “operant respondent” distinction The system, it will be remem- 
bered, distinguishes between two broad classes of reflexes, “respondent” 
and “operant,” which are distinguished on the basis of the reflex laws 
which each follows Respondents are defined as those reflexes which obey 
the “static” laws of the reflex, operants are those that do not 

Respondent behavior includes all responses elicited by stimuli Operant 
behavior is “spontaneous,” m that its “originating forces are not 
located in the environment It might be said to be emitted” (p 20) 18 
“An operant is an identifiable part of behavior of which it may be said, not 
that no stimulus can be found that will elicit it (there may be a respond- 
ent the response of which has the same topography) , but that no corre- 
lated stimulus can be detected upon occasions when it is observed to 
occur” (p 21) The application of the term reflex to both “operant” and 
“respondent” behavior necessarily ensues from the preliminary formal 
dcielopmcnt of the reflex concept 

[But] the term reflex [is] used to include both respondent and operant even 
though m its original meaning it applied to respondent only A single term for 
both is com ement because both are topographical units of behavior and because 
an operant may and usually does acquire a relation to prior stimulation (pp 


Respondent behavior -\ ancs as a function of stimulus intensity, operant 
docs not Operant behauor vanes as a function of drive manipulation, 
respondent behauor, m most cases, docs not The latencies, magnitudes, 
and dur ation of respondents arc significant dependent vanables, only 
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rate of response and total number of responses m extinction are legitimate 
measures of operant behavior These differences follow from the differing 
sets of laws 20 entenng into their definitions No attempt is made to reduce 
this differentiation experimentally On the contrary, there is an insistence 
on maintaining it Although many experiments (e g , 7) have shown that 
behavior which Skinner terms "operant” obeys the same laws as the static 
laws which define “respondents” when the appropriate experimental con- 
ditions (control of presentation of the stimuli, discrete trials, and so 
forth) are introduced, these are rejected because measures deemed inap- 
propriate to operant behavior are introduced Such experiments define 
their observables outside Skinner’s system For reasons that are not clear 
to many psychologists concerned with learning theories, only rate o re 
sponse” is an acceptable measure of behavior 

The independent and dependent variables of the system At the con- 
ceptual level the primary independent variables are stimuli, and e 
dependent variables responses, or properties of them But t is is on y as 
it seems In practice, and indeed in theory, the independent variables are 
quite otherwise Consider the case of operant behavior 

The dependent variables measured m operant behavior are 
first is rate of response, and the second is cumulate n^ber of responses 
Both of these measures of behavior are directly related to Mil 

concepts strength and reflex reserve , respec lve J 0 Tvmcallv both 
only after the “response” has been quantitatively ddtorf ££ 

are measured by the use of the cumulative response curv ob ained f r m 
the operation of the Skinner-box The whole curve is often reproduced, 
and numerical values are not taken from the records 

The independent variables are more ^^P'XrlnabTes orblhavmr 
retical problems Presumably the basic m t eP a ®g kmnEr develops this con- 
are stimuli But we have already se ’ m denendent variables 
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it is these operations that act as ^ J1)dependcn t variables in 

But even operations do not a PP^ r !^. imenta! parameters of particular 
experimental work They are ' vana blc is time time in the box, 
experiments, and the actual in P given experiment noth- 

time since beginning of extinction, and so^n ^ 

,ng is varied, but time passes with the stare 
etant as the data accrue 

-It u" possible to mtrodoreMverri I j>*'J <-'ai*con<huon'nr 

1 cond,, ‘°”' s 
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Taken as a parameter of an experiment (and hence, after rearrange- 
ment of the data treated as an independent variable), an operation may 
lead to theoretical and practical difficulties 

Consider the most important of the operations, reinforcement the 
presentation of a certain kind of stimulus m a temporal relation with 
either a stimulus or a response” (p 62) For operants, the “certain kind 
of stimulus," or “reinforcing stimulus,” is any that has been shown, ex- 
perimentally, to produce an increase in the strength of a response that it 
has followed at some time in the past When a stimulus has been shown 
to have this property under a given dnve, it is henceforth referred to as 
reinforcing It is not the reinforcing stimulus" 1 that causes trouble, but 
the “temporal relation with a response,” into which it may enter 
The experimenter may manipulate the interval between response and 
reinforcement He may select the number of unreinforced responses pre- 
ceding a reinforced one (fixed-ratio) He may reinforce a response, on the 
average, every thirty seconds (a periodic reinforcement) But in all these 
cases, it is the responding animal that determines the delivery of the rein- 
forcement, and hence that determines the values of many temporal para- 
meters of reinforcement In a very literal sense, the independent variables 
of Skinner's system are under the direct control of the subject of the ex- 
periment, and not of the experimenter* 2 Much the same difficulties, of 
course, can arise in other treatments of behavior 
This ambiguity of experimental control serves to reveal new and or- 
derly phenomena of behavior That all these phenomena will lend them- 
sch cs easily to quantitative theoretical treatment is questioned, since it 
does not seem possible to specify accurately all the experimental condi- 
tions under which they appear What is perhaps a more serious difficulty 
is that this self-imposed limitation on experimental control and the re- 
striction of measurement to rates of response and to total numbers of 
responses given over stated periods of time automatically prevent those 
working within the system from finding certain behavioral effects These 
effects occur when the temporal interval between successive presentations 
ot given environmental changes (either "discriminative” or “reinforcing” 
stimuli) is varied They have led to Hull’s concept of “reactive inhibi- 
tion, among many others Although such laws do have a place in rc- 


” Tl.c reinforcing stimulus usually encountered in the experimental program is 
the food pellet—certiunlj rclatncly easy to specify We have already noted that 
SUnncr has made no attempt to relate this function of stimuli to the concept of 

uiT c r? pl “ 5°i OW3 v “ In ° rond'tioncd operant the drive goiero- 

lQ « a w determined the reinforcement’’ (p 372) 

H nd £ rBraduates are wcl l aware of the Skmner-bor It 
r“ q j‘° '' hlC J 1 “ “ rt00 “ appeared that showed two rats at the 
bar of a SUnner-box Said one rat to the other • Oh boy, hai e I cot this cuv condi- 
tioned Ei cry time J pms the bar, he cue. me a pellet ” 
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spondent behavior, they cannot be found in operant behavior by the 
methods described in The Behavior oj Organisms 
Higher order constructs and relations among them. Tastes differ con- 
siderably in the specification of higher-order concepts Variables related 
m a central construct by some differ from those related by others From 
ime to time, a particular theorist rearranges his order, seeking simpler 
and more effectn e schemata 

There are many constructs m Skinner's system They differ widely m 
the empirical laws that they relate to one another, in the rigor of their 
definition and treatment, and in the range of data that they integrate It 
is neither possible, nor necessary, to treat with all of them exhaustively, 
to track down each usage to which each construct is put, or indeed, to 
specify all of them Our present purpose, critical evaluation, can be ade- 
quately served by indicating, with some examples, the procedures fol 
lowed in the formulation of several of Skinner's higher-order constructs 
Skinner's system incorporates two identifiable types of construct The 
first type includes such concepts as "reflex strength," "reflex reserve " and 
"immediate reserve " The first two of these are in part defined explicitly 
in the laws of the reflex, their definition is extended m a senes of state- 
ments that may be found largely in the opening chapters of The Behavior 
of Organisms All three are constructs that relate m a complex way the 
dependent variables of behavior (latency, rate and magnitude of response 
for respondents, and rate of response and number of responses to extinc- 
tion for operants) as a function of independent variables (number of re 
inforcements and number of elicitations for respondents, and preceding 
rate and number of responses for operants) Although, as we have already 
noted, these are clearly constructs that integrate empirical laws they are 
considered by Skinner to be "very near to being directly treated experi- 
mentally" (p 26) They are treated as if they were basics of the system 
and not conceptualizations pulling together many properties of behavior 
not directly observable 

The second class of constructs includes those that relate various opera- 
tions to changes m reflex strength, reflex reserve and other members of 
the first class They include 'drive" and emotion " 

Reflex strength This term is most interesting analytically Indeed, one 
term refers to two quite different concepts, one for respondents, and the 
other for operants Respondent reflex strength is understood to "describe 
the state of the reflex with respect to all its static properties [i e , mth 


respect to the static laws] at once 


The value of the strength of a 


reflex is arbitrary assigned to it from the values of the static properties 
and is never measured directly [It] is not to be confused with the 

magnitude of the response” (p 15) This concept is an intervening van- 
able defined in terms of a number of operations, and measured in terms 
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of a number of measures of response In practice, no attempt is made to 
develop the concept of respondent reflex strength beyond these state- 
ments , , 

Operant strength is defined otherwise Since the operant is distin- 
guished on the basis, among other things, of the failure of the static laws 
to apply, the former definition cannot be applied We find that operant 
strength is defined as “proportional to its [a response's] frequency of oc- 
currence” (p 21), and that “the dynamic laws describe the changes in the 
rate of occurrence that are brought about by various operations per- 
formed upon the organism” (p 21) Thus where respondent strength 
is quite clearly given the status of a higher-order construct, operant 
strength is at once directly coordinated with the primary dependent vari- 
able of the experimental program, although, at the same time, it is treated 
as an intervening state variable m relationship to the concept of “reflex 
reserve ” 

Reflex reserve. We have already indicated that this concept is a con- 
struct, which is occasionally spoken of as if it were a data-language term 
Its hypothetical status is clear It is defined as “available activity , which 
is exhausted during the process of repeated elicitation of which the 
strength of the reflex is at any moment a function” (p 26) For respond- 
ents, the reflex reserve is assigned the property of constantly being re- 
stored spontaneously when it is not already at maximum It is, then, 
related to the experimental facts of recovery from fatigue and adaptation 
for the respondent 

For the operant, the reserve is defined in direct relationship to the pre- 
viously defined concept of strength, and also to the total number of re- 
sponses given in extinction Thus 


Since the strength of a reflex is proportional to its reserve, it may be altered 
m two wa)s Either the size of the reserve or the proportionality between it and 
the strength ma} be changed All operations that involve elicitation affect the 
reserve directly, either to increase or to decrease it Conditioning increases it, 
extinction and fatigue decrease it The other operations [which ate not unique 
in their action and affect groups of reflexes] change the proportionality be- 
tween the reserve and the strength Facilitation and certain hinds of emotion 
increase the strength while inhibition and certain other kinds of emotion de- 
crease it without modifying the reserve The operations that control the drive 
al o anect the proportionality factor Without altering the total number of 
available rcsponse 3 , a change in dnve may alter the rate of elicitation of an 
ojKrant from a minimal to a maximal value Several demonstrations of the 
ap^ar 'ht c M p *27) a 1 cnn B the rct:cnc and Bering the proportionality will 

The immediate reserve is a subordinate concept, which does not receive 
cx ensivc theoretical treatment The concept is introduced m this uay 

J* compensation, like that of recover}, requires the notion 
C crvc distinct from the total reserve which determines the 
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port.o”al h L a th C e aC ,m™ f°™ pt,oa T! ? P™*® “ «««My The rate 13 pro 
Lem When el, rT d ' reSCrTC > wb ’f h !s contabuted <» from the total 
S eheit^L 10n 18 c J onlJ,1UOUS ’ tbe toM Tesc ™ cont «*> process 

nf innr C 1 1S mtcrru P tcd / the immediate reserve is built up, and a period 
to till T Cased act, ' nt y 1S made possible when responding is resumed, until the 
wWb ® f gam becomcs the controlling factor The period of time dunn* 
rcs P° adm 6 may be suspended without making the original envelop mac° 
cessiOfe will depend upon the size of the unmediate reserve (p 85) 


e immediate reserve ” is inferred from the phenomena of spontaneous 
recovery and from sets of data where a “depression” is followed by “com- 
pensation ” It is nowhere related systematically to another concept, based 
upon the opposite effect — where a high rate of response is followed by a 
low rate— -which is called " strain on the reflex reserve ” 23 


The concept of “strain on the reserve” is not developed, experimentally 
or otherwise, although a set of statements such as the following may be 
assembled “ we may assume that the effect of the accumulation of 
Spn is to strain the reserve by bringing out responses which under normal 
discriminative stimulation would have remained within the reserve for 
some time” (p 296) and “ the recovery of the reserve from the strain im- 
posed by the preceding run of responses” (p 293) An attempt to tease 
out a set of rigorously stated relationships among these concepts meets 
with little success Suffice it to say that both “immediate reserve” and 
“strain” are derived from the “envelop,” and hence from the suppressed 
postulate with respect to the form of the extinction curve which has been 
mentioned already Both are used in the a posteriori explanation of results, 
but neither is formulated so that it can be manipulated directly or through 
control of the environment They suggest that some kind of a mode/ is 
involved 


Drive Skinner's concept of drive is perhaps one of the best specified and 
“purest” examples of what have been termed intervening variables" that 
can be found in psychological theory It is defined in terms of sets of 
operations and of response changes For the dnve “hunger,” the opera- 
tions relate to various procedures involving food deprivation, and the 
response changes are alteration in the rate of occurrence of a variety of 
response (those that have to do with the ingestion of food) Drive is also 
related, through a senes of laws, to the concept of the reflex reserve the 
reserve/strength ratio is a function of dnve strength Similarly dnve is 
related to the effectiveness of certain stimuli in reinforcing behavior If 
food is reinforcing then the animal is hungry If an animal can become 
conditioned and shows extinction with the use of water as a reinforcing 
stimulus after a period of water deprivation, then it may be stated that 
thirst is a drive (32) The technique followed in conceptually developing 
a state variable in terms of a set of antecedent inducing operations, and 


This concept may be related b-v eome 


analysts to ‘reactive inhibition ' 
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a correlated set of related consequences is impeccable. But it is not quan- 

titative. , t . 

Emotion. Emotion is also given the status of a concept of the inter- 
vening variable” class, analogous to drive in that it must be defined in 
terms of a set of operations and correlated changes in reflex strength. 
"The important thing is the recognition of a change in strength as a 
primary datum and the determination of the functional relationship be- 
tween the strength and some operation” (p. 409) . The operations, in the 
case of emotion, remain only vaguely specified. One seems to be the with- 
holding of reinforcing stimuli (extinction) , and the other the presentation 
of emotional stimuli, which are not independently defined. Unfortunately, 
the concept of emotion appears frequently in the role of a <£eus ex 
machina , in that it is used to account for changes in strength which are 
observed when the conceptual system, taken with the experimental pro- 
cedures, would otherwise lead to the expectation (but not prediction) that 
no change in strength would occur. Thus "when the lever has not been 
present prior to the day of conditioning, its movement may have an emo- 
tional effect, one result of which is a depression in rate” (p. 70) . 

A final set of higher-order constructs that has not been extensively 
treated includes those relating to human behavior. These represent analy- 
ses, followed by redefinition in the terminology of the system, of terms 
used commonly in the description of behavior. In most instances, the ef- 
fect of this redefinition is to sharpen the content of the concept consider- 
ably. An example is this: “A simple way to state the fact of perseveration 
is in terms of the covariation in strength of groups of related responses” 
(40). Again, "Anticipation must be defined as a reaction to a current 
stimulus Si which arises from the fact that Si has in the past been fol- 
lowed by S 2 , where the reaction is not necessarily that which was origi- 
nally made to S 2 ” (6). "Guessing is a special kind of (usually verbal) 
behavior in which two or more responses are about equally likely to be 
emitted 1 (51). Not very much has been done with such concepts, either in 
the direction of redefining the whole vocabulary of psychology, or of pur- 
suing the experimental and theoretical implications of the redefinitions 
proposed. 


UnclassiGnblc concepts. A few concepts employed in the system are 
not easily analyzed from the viewpoint of theory construction. Each is 
used in explanation. Two, at least, bear names that suggest that they are 
related to the laws of the reflex and hence that they represent no more 
than the application of these laws to the explanation of behavior. When 
the statement of the laws is examined, however, this hypothesis proves to 
be untenable. Another is unrelated to anything else in the system; it 
seems a purely ad hoc explanatory device. 

. ® XJim Pi c of the first sort is "adaptation.” In some contexts the term 
is u_e as img i c expected. In others, it is applied where the strength of 
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an operant fails to reach its maximum after one reinforcement. Thus one 
reads that such failure may occur because . . administration of any 
stimulus to which adaptation has not taken place will normally depress 
the rate of eating” (24) . This depression in rate is elsewhere referred to as 
an "emotional effect” (pp. 70, 80) . Unfortunately, adaptation is undefined 
with respect to the concept of emotion. 

A more interesting case is this: In the course of his writings, Skinner 
has developed a powerful case against a concept of “inhibition” (cf. p. 290 
above) . All instances where such a process is inferred by others are shown 
to fit descriptively into a system that uses no such concept. In one experi- 
ment (42) , however, benzedrine w r as shown to have the effect predicted by 
inhibition theorists. The concept of "total energy-output” was then intro- 
duced to account for the data. This concept finally appears as a state o 
general excitability in which a response characteristic of the situation is 
emitted at a high rate” (p. 415) . It is otherwise undefined, and is used 
only with reference to the one experiment. 

Of the principal higher-order constructs of the system, then, some f re 
defined in terms of the laws, and sometimes are given the status o exng 
“directly observable.” Some are conceptually undeveloped and are intro- 
duced unsystematically on the basis of independent definition (envelop) 
or of as yet unspecified operations (emotions). A na °ne, n » 
clearly defined, and is employed in explanation in a way qui e m acc 
with its definition. 

General Remarks 

Our analysis has been made, and it becomes possible to ^n^ense the 
theory in fairly general terms. First, it is a highly 
formalized, theory. Its formal structure, so far as it 6°®' . 

its “empirical,” “inductive,” "descriptive^ .“tdyingltem^s 
tions. Rather than being a set of emp terms initially 

that represent inductive generalizations deflned termSj and de _ 

defined in a data language, it is a se data-language statements 

fining laws, which are only coo—d^h be idcn . 

after they have been fully stated. ^ defined by the theoiy for the 
tified independently of the theory , J system, with which the ex- 
theory. Similarly, the cent. -al Ration “reinforcement, ” 

penmental program has been p ^ as B centra i principle for the 
rather than being inductive y h ^ ^ . cipIe that scrves , with some 
explanation of behavior, turns °“ t ,. h thc P the0 ry deals. The actual inde- 
nt!, ers, to define the f ^ J am dfflerenttoth from those of other 

pendent variables of the y system. 

systems and from those stated for th with its expository stress on 

The interesting res ^ ° ara ^ J KS3 on formality, is that despite vciy 
empiricism and its structure 
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great differences in the meanings of many terms used in the theory from 
meanings of the same terms as used by other people, very few psycholo- 
gists seem to be aware of the divergence. In fact, most SR psychologists, 
if not students of learning in general, find its tenets familiar, and cus- 
tomarily employ many of its data-language usages. This is doubtless a 
tribute to the broad empirical program associated with the system and 
suggests that most behavior can indeed be successfully classified as oper- 
ant or respondent. In practice, the terms seem theoretically neutral, and 
not only Skinner, but such divergent theorists and experimentalists as 
Schiller (18) and Graham (7) can refer to "operant responses” without 
introducing possible confusion or indicating the kind of theory they are 
suggesting. Indeed, an examination of recent publication reveals that 
Skinner’s data language and primitive concepts are in practice almost 
identical with those used by experimental followers of Tolman, Hull, and 
Spence, even though these men do not seem to have sought explicitly to 
develop or use a single data language. The careful empiricism of the 
coordinating definitions must account for these agreements on usage in 
the face of very real differences in the underlying concepts. 

HI. GENERAL METHODOLOGICAL SUMMARY 
On the basis of a survey of the mode in which Skinner’s systematic 
treatment of behavior works out in practice and of a careful analysis of 
such explicit statements as may be found, it is possible to examine the 
position taken by Skinner on certain broad methodological issues that 
have become generally accepted as critical, if not crucial, in the evalua- 
tion of such systems and to indicate how the position is reflected in the 
structure of the theory. 


Quanfi/icaiton 

The system of behavior expounded by Skinner in The Behavior of 
Organisms is explicitly a quantitative one. It has been developed with 
the intent of deriving empirical quantitative laws, presumably stated 
mathematically; the basic experimental procedures encountered are 
selected so as to yield physically quantifiable measures of behavior. Both 
the dependent and independent variables of behavior are defined in terms 
that should render easy the ultimate development of a fully quantitative 


c in prnc ice, m the actual gathering and analysis of data, quantifi- 
.* C ” raea ® urcmcn t» the assignment of number, plays a small role, 
pxtmrf ^ m a ^ most cascs > quantifiable. The reader may 

recnonep rurvrl n a ^ rc ~ cntc ^ (which are largely copies of cumulative 
numbers of rcla J ,vcI P«cise measures of rates of response, of 
ciuantitiiM ° ^ xtlnct ’ on or to satiation and so on. Yet, these 

1 . mnblc though they may be, are not evaluated and play 
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little or no role in the procedure by which general propositions are de- 
rived from the data In practice Skinner is satisfied with statements of 
the type “more than,” “equal to,” and “less than ” He is more interested 
m statements of the sort “The retardation has been greatly reduced by 
the procedure ” than m statements such as “Operation X reduces 
rate of response from 20 per minute at t = 0, to 5 per minute at t — 10 
minutes ” In graph after graph, the independent variable is specified as 
“time m minutes,” “daily period,” or “days,” with no numerical scale 
The intent toward quantification is not everywhere reflected in actlon 
Much the same gap between intent and execution is encountered in the 
statement of quantitative laws On the one hand, it is possible to fan 
verbal laws stated precisely enough to permit their transiation in o 
straightforward and unequivocal mathematical terms, u e s a 
is not made On the other hand, quantitative laws are sometimes .stated 
[in some contexts referred to as "empirical” (p 1 )> an 1 “ 

“theoretical” (p 88)] as relating variables within the 
analysis shows that the mathematical statements are not m accord wit 
the observations they are intended to describe 

The most interesting example of verbal laws stated 1 
they may be translated into mathematical terms is fonnd m the series 
of statements relating to extinction curves and ' ** 

by Ellson (5) Ellson summarized these statements q 

(1) r = R( 1 — «") 

where r is the number of responses at time t 

of responses (which has beendefi^ ajh. ^ ^ constant Although this 
since the first response in ext . t ngs E i] son states 

equation does not itself appear in Skinner s writing; , 

This is apparently the form used by within 

permitted the duplication of the curves wmcn 
the limits of error of measurement 

„ mav be directly derived from explicit statc- 
In any event, this expression m y obtaining between the magm- 

ments with respect to the prop"’ 1 * °° ponse B at any time Expen- 
tude of the reflex reserve, ® nd tfte .. to conc i u de that the concept of 
mental tests of this functlon d rast ,c modification (a view which 

the reflex reserve require . 0 f his own expcnmental work), the 
Skinner later adopted on the empirical concept, reflex 

function did not fit any ° “ thcorctl ca! 

reserve,” proved to be not empmeah tcmcnt of quant.tatnc laws 
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( 2 ) N = k log t, 


■where N is the number of responses in extinction (the reserve), t the 
time since the beginning of extinction, and k a constant This function, of 
course, does not reach an asymptote, and N will increase logarithmically 
with t throughout the animal’s life in the Skinner-box, a result which is 
an implication contrary to the verbal statement of the concept of the 
reflex reserve and is unsupported by data Again, the function describing 
"the rate at which a white rat eats a daily ration of a standard food” 
( 20 , 22 ), 

( 3 ) N = hr 

where N is the amount of food eaten m unit time, t is the time since the 
beginning of eating, and n and k are empirical constants, is not well 
adapted to describing the cyclical free-eating behavior of the rat and is 
especially incompatible with the phenomenon of satiation 
Skinner is quite explicit, however, in giving the reasons for his rather 
casual treatment of quantification Two quotations will seem to clarify 
this 


The need for quantification in the study of behavior is fairly widely under- 
stood, but it has frequently led to a sort of opportunism The expenmenter 
takes his measures where he can find them and is satisfied if they are quanti- 

t even M they “J™ 1 or lrre ^ evant (P 58) there are many 
relevant variables, and until their importance has been experimentally deter- 
rmned, an equation that allows for them will have so many arbitrary constants 
tion (01) mU be a matter of course and a cause for very little satisfac- 

And elsewhere, the science of behavior is characterized as not ready for 
formal representations of the data reduced to a minimal number of terms (61) 

different ^nnrr. IStS course » that quantification serves quite 
rmahes^t T h, T t th .° 5 l lmpllClt 10 SklnDer ’ 6 Btatements-e g , that 
iTcd vcluv and h ^ ° f ]a ™ *»at have been 

both experimental dnt!! 106 a rt.' 1 facilltate3 the progressive growth of 
Ellson’s annlvsis I" theoretical constructions based on them 

He is willing (pp 442.4411 of quantification that Skinner rejects 

statistical 4 mean coni lon „ Tfi b ° te ™ ed “ 3 ‘ a t.st.cal,” if by 

' an d if by correlational we mean the 
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explication of relations between dependent and independent variables 24 
He distinguishes, however, two other usages of the term One relates to 
the number of measurements made It is assumed by some experimenters 
that only through the use of large numbers can smooth and orderly 
functions be obtained The other concerns the relatively imprecise and 
unrefined measures obtained in some classes of experiment where statis- 
tics is emphasized In these senses, the system is characterized as not a 
statistical one, and indeed it is not 
There are two other usages of “statistical” that we might examine One 
relates to the use of probability theory models for the development of a 
theory of behavior No such model appears in our basic reference, 
although more recent publications suggest that future formulations will 
rely in part upon some such formulation The exact use to which the con- 
cept “probability” will be put remains unclear 
The last usage of the term which must be examined is per aps ie 
most common Statistics is a field of mathematics which has provi e 
many of the sciences with a method of relating conclusions, general 
statements and laws, to the data on which they are base t em >oc ics 
“ rules of inference” which permit one to state whether the changing 
values of supposed independent variables do indeed re a e 0 c 
values of a supposed dependent variable In the sense a a 
set of data is “statistical” if these rules of inference are «^Mhe present 
system is not a statistical one Small groups of animals are u ed^and 
orderly results are obtained But it is left o e r ronc i UE10 ns 
whether he is to agree with the interpretations given and 1 cone lu o 
drawn He is offered no statistical props, no mean * 
variability, or tests of significance to «P°“ ' ™ J^ ted statist. Is, 
where based upon the smooth and repro verification 

like other forms of mathematics, is never employed for the vennea 

of generalizations statistics m the manner typical of psy- 

Reasons for this failure to use sta , tec h nique s, and proper 

chologists are given With ade q ua e ! «*P e ureg ar ‘ e obvia ted, exact rather 
measures of behavior, predictions, may be 

than statistical laws, exact rath ther P t han populations of them 

made of the behavior of individuals problem of quantifica- 

We may summarize ""ate^tphcitly the desirability 
tion in the following way the system a 

nn > towards the "correlational ’ ajv 
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and inevitability of quantitative laws in psychology; the data are quan- 
tifiable, and in some cases quantified. But quantification within the 
system is not achieved. 


Degree of Axiomatization y Consistency , and Independence of Axioms 


A scientist, in building a systematic treatment of his subject matter, 
necessarily accepts certain axioms with respect to his observations which 
are acceptable to all scientists; nature is orderly, and empirical science 
can reveal that order. The game is worth the candle. Skinner differs not 
at all from other scientists with respect to these axioms; he accepts them. 
A second class of axioms includes postulates of the explicitly stated type 
most characteristic of Hull (and perhaps essential to the writing of a 
finished scientific theory). Skinner has expressed himself clearly on the 
status of such axioms. A third set of axioms are assumptions peculiar to 
the general approach of a given systematist. They are seldom explicitly 
recognized. It is possible to find, implicit in Skinner’s writings, many 
unstated assumptions upon which much of his systematic thinking seems 
to be based. 


The second class of axioms, the “postulates” of Hull’s system, have 
the character of general laws of behavior, which have been derived in- 
ductively. At the same time, they are treated as statements appearing 
from “nowhere” that constitute the skeletal structure of a theory. If we 
are to follow most analyses of theory construction, such axioms need not 
be derivable by any formal procedure of inference from an empirical 
foundation. It is asked of them only that they generate verifiable 
theorems. This characteristic seems typical of the application of mathe- 
matical theory to the data of the physicist. 

Skinner, on the contrary, is preoccupied with the problem of arriving 
at empirical laws, by induction, from the data. He explicitly rejects 
theory construction by the axiomatic method. 28 To quote, “For the man 
w iO;C curiosity about nature is not equal to his interest in the accuracy 
oflns guesses the hypothesis is the very life-blood of science” (p. 426). 
f ,l Un amen a variables of a system must be experimentally isolated: 
m ^ many a tematives that might be set up hypothetically, too 

S ; ° r nS T* nCeS / 0 make il probable for an experimental sci- 

entist to use a hypothetico-deductive procedure fruitfully. 

a descriptive ' scicnce^Wch 1 proccedsT 8 T actua P y v subordmate processes in 
the quantitative determination of ? wh f °J y Wlthout hypotheses to 

duclion to the establishment of Iws (p m) ° f behaV10r and througb in ' 

s Z). BysUm of “ as “ 


“Cf 


K&ntor’a striction on " 


imposing theories on the data” (15). 
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In developing a system, Skinner has, however, inadvertently written 
a theory and has formulated as empirical law statements of the sort 
that serve as the postulates of a system These have been presented at 
some length elsewhere in this section Such laws presumably have many of 
the properties of the axioms of a hypothetico-deductive system 
With his basic assumption that behavior is orderly, Skinner accepts the 
view that his laws must have logical consequences that are presumably 
not distinguishable from theorems These consequences should be experi- 
mentally verifiable, else the inductive law is not adequately stated 
They must, by the same argument, also be internally consistent To quote 
Skinner, 


The virtue of Hull s work lies in an insistence upon the experimental \ ahdation 
of statements about behavior and upon the necessity of confining onese o 
statements that are internally consistent and may be experimentally ven e 
(p 436) 


The rejection of postulational technique is, then, not an unqualified 
one many “postulates,” or “assumptions” are acceptable for a scien i ic 
system Thus we read “ these ‘assumptions’ are actually nothing but 

descriptive statements ”and“ it is possible that any examp eo 

postulational method m the empirical sciences may be interpre e in ic 
same way and that ‘predicting’ a fact from a set of assumptions Js nc\er 
intended to mean more than describing it But if t is is e c » 
pretense of deduction should be abandoned, at leas y ^ 
interested in a descriptive science of thought and vho wis ’ 

see the number of thought processes reduced to a f ,' . 

It is not, then, unfair to mqmre whether the laws of Shinn r. th coo 
are consistent, independent, and verifiable T c e\i cn are 

many of them are not verifiable, but defimtiona c Inconsist- 

mdependent cannot be determined in their present 
enc.es, it is submitted, have already been shown m the 
define the principal constructs of the system cither the 

that of Skinner, for he has made little or no '““‘“Taws ound 

logical status of his theory or the venfiab.l.ty of 

thercm , U, m n nd his followers to explore id 

Where Hull’s technique has Ic thcon , ms demc d from one or two 
detail the experimental status of m I( ^ t, con . clcnllou , c(rort to aao.d in- 
postulates and to make a m r bctwccn theory and dntn Skinners 
consistencies within the ystem an ' n (0 gcac „i,„t, 0 n Ha'ing 

approach has led him from g { j ot prc0 ccupied him?elf 

armed at a genera, '“"" n o ^h demon,, rntmg that it » rrf 
with exploring its or cry , „, hcr KOn e ahead, to mamr-l- 

mcons«,cntw,th-omec»rher »w neh^r. ^ ^ ^ 

late further a ambles m a »e 
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consequences are evident. Skinner spends no time studying "latent learn- 
ing.” 

Skinner has uncovered a wide new range of phenomena, involving 
variables not at all considered by others and has obtained results beyond 
the scope of other theorist-experimenters. He has done so by foregoing 
careful tests of many of the implications of his system. If, in the course 
of experimentation not designed to test hypotheses, one of the implica- 
tions of a law fails of verification, then modification occurs. Thus the 
experimental data that led to the abandonment of the concept of the 
reflex reserve as it was originally formulated were not obtained in an 
experiment designed to test the law, but rather in an experiment on drive, 
in which the magnitudes of reflex reserves were relatively incidental meas- 
urements. “Rectification” occurs in Skinner's system, but not by the 
mechanism of explicit effort to test the theory nor by any formal pro- 
cedure. 

No attempt is made to demonstrate that the laws are consistent with 
one another. That they are is inferred only from their empirical status 
and the orderliness of nature. 

Similarly we cannot find any activity by Skinner calculated to test 
e independence of his laws. By his procedure, he needs not do so, since 
he does not propose them as independent postulates, even though he may 
SUCh ' ^ ? y eVent ’ 11 iS Clear fr0m 0ther cha P tere “ this 
an efficient ° axiomatizatira . ° r Postulation, is not necessarily 

statement of Lwe!” ? meth ° d aVoidin e ““s ia the 

° f that Skinaer acce P te "o different from those 

Ilml have the n T ^ “‘ated « These 

toe sernd to LI ,h P ( reSCriptiVe and P™™P«ve statements; they 
L the swtiM flat' W?” " ava ™ty of ^ **1 to give it some 
Th y arc no casilv i! dlS sharply from other systems. 

piicHijrbutLr^idd^r^L^^ 01 ' ^ are 

thc problem of behavior. Nor canLt hT* VlT ° f **“ Wh ° le ap P roach to 
It is possible however wu-t. 6 Sa . X ^ ^ 0W many °f them there are. 
and to demonstrate their status 1, certaln ° f the more important ones 
constructions and cxperiLnt^ T™ fr ° m Which both theoretical 
The first of thcse^s"L Th Pr ru dU - CS dCTel °P ed - 
fu "y analyzed into correlations e nfLr V1< T ° f * j organism ma y be fruit- 
physicalistically described 27 nr tu im ^ us an ^ response. Overt events, 

fta'atasrsifAas 
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not axiomatically rule out of the reach of science “psychic” or “internal 
events”; they are simply not included in his subject matter. 

A second such axiom may be stated this way: “A science of behavior 
which will permit the adduction of laws permitting the prediction and con- 
trol of behavior can be developed without reference to the internal phys- 
iological events which may accompany behavior.” This statement has 
probably led to more misunderstanding of Skinner than any other feature 
of his systematic structure. It is not a denial of the occurrence of events 
that are systematically correlated with behavior. It is not a statement 
that laws of behavior cannot be developed from such events. It is not a 
statement prohibiting the statement of laws relating behavior to such 
events. It is, above all, not a dictum prohibiting psychophysiological in- 
vestigation to the student of behavior, although it has been interpreted by 
one or another psychologist as any or all of these. It is a simple axiom 
which permits Skinner to proceed with his experimental investigations 
and system-building without reference to the physiology of the organism 
or to the structure and function of the neuro-skeletal system. T ie a scncc 
of physiological constructions and laws is attributable, not to t ie a** 0 ™ 
in question, but to the quite different consideration that, strategically, 1 
is more expedient to work at the behavioral leve , since c scier i 
physiology, where it is itself not based upon behavioral da a, » not m - 
ficiently well developed to permit its useful appl.cat.on to behavioral 

“Adequate experimental control of the arc 

havior and appropriate measurement of P , . j o. when 

achieved when orderly changes in the depen cn va ’ . . (p. 

smooth and reproducible curves appear on ' Kt ° , (i un - 

442) is an axiom that has not attracted the cr.t.ca evaluation U-t ^ 

questionably deserves. Yet the dcfini >™ s determined the level of 
"response,” and “reflex” derive from .t, the subject mat- 

specification at which these terms arc cm recordij)g oppnro tus. In both 
ter, as well as the mechanical fcatur no int out that the orderliness 

cases, the uncharitable have not hesi a c to t f, c U c C of crude 

found in Skinner-box data is m part “‘" ionl „ - 

cumulative 


kinner-box data is in P» “ amc nx ; om j s related to the re 
measures of b f ain ° T ' f thc 0 f any of the statistical tests 


cumulative measures ox u<;c 0 f an y of thc statistical 

jection, in deriving general laws, o ^ to fl ppiy to their data before 
that most psychologists find ncc ®~ . ant j or dcrly function is enough, 
stating their conclusions. The sm .. n ' cs the concept of the "envelop 
Lastly, the axiom has produced. . “ orferiy function from which thc 

of the extinction curve (® 6 \ nn d several other term* and con- 

experimental data P rcscn ( ° j urr « These have been di*eu"ed e *ew ierr 
ccpU developed for such dcpnrtu^ ; 3 the suppled viom no.ed 

and we need not go over them aga 

earlier. 
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When the statement of this axiom of orderliness is examined, the more 
extraordinary it becomes that it is taken as axiomatic and the more ques- 
tionable the experimental and theoretical practices that have derived 
from it. It is not evident that adequate control and measurement neces- 
sarily yield “smooth and reproducible curves” (p. 442), nor that such 
smooth curves, such “orderliness of dynamic changes” (p. 40) , can be 
obtained only by adequate “uniquely determined” (ibid.) control and 
measurement, nor that they mark a “unique point in the progressive re- 
striction of a preparation” (p. 40). Neither statement is true in the 
physical sciences [and Skinner’s system seems modeled after physical 
chemistry (p. 434) j , nor need they be true in the behavioral sciences. With- 
out denying the esthetic merits of smooth curves, whether they appear in 
treatises on analytical geometry or on the recording paper of a Skinner- 
box, one can argue that smoothness is an inadequate criterion for deter- 
mining the care with which an experimenter will control his variables and 
:°V ejeC + t ' D . g , the statl8tl cal procedures for arriving at inductive generali- 
zations that have earned wide acceptance in all the sciences. 

of watTr f C1 “ tlfic . laws . e ^bo dy gross discontinuities. The “triple point” 
dltat not IT ? r nt - ^ ° CCUrrenCe 0f Continuities in empirical 
Uon but ra her a “ ™ f ° r ”° re ° r less careful exporimenta- 

o t'alk about ^L,^ ^ f °J- the the0rist > wh0 finds himsclf forced 

tion. q of either too careless or too careful experimenta- 

-h 0 cre%erimcmTl d manL7atf ble *° ^ Bmooth and orderly functions 
necessarily e" although it is not 

crude techniques of measurement ht 0 " 3 C ° mbinatio "^ of variables and 
display discontinuities or that they aSSUre , that the data wiH 

ducibility all we need is to ronmr? * 1 , c unre P r °ducible. For repro- 
Let us take an example in psychology XV corabination oi variables, 
tory for an hour a day and meatm n ”!? ‘ 6UbjcCt into the lab ° ra - 
now to cutaneous, now to visual r eact * on tim e, now to auditory, 
signals. Let us measure on anv ono'!? 11 ** and w ^hout ready 

from 200 to 2000 responses iJsurh ^ ? e reaction time of anywhere 
is '-=>>: on others fati^d o„ 6 „me ° n 6 ° me da ^ °ur subject 

overeating. Let us use Marietta Sts rf 3 i'vP 5 "’ ° D otbere stuffed from 
clironoseopc,, all unealibrated Let " f wn Ctri °’ Hipp ’ and Dunlap, 
ccdme until*), 000 reaction times have h .T 01 ” 1 Conlinue <his P ro ‘ 

“ ,h f c t0 ,™ of a curve, in ivhicT'cumu.nl ” and . P"«ent th. data 

ie unction of “time in the laboratorv” "if react * on time” is plotted as 
O or number of stimulations.” Wc 
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will get a smooth curve for one subject that “looks like” a curve obtained 
by the same means from another subject To be sure, if we introduce the 
obvious controls (denved from experiments where data are accepted as 
variable and necessitate the calculation of means and statistical tests of 
significance) , the curves will be “smoother ” But how smooth is smooth 
enough? Given this axiom, on what criterion, except the 'perception of 
smoothness, are wc to conclude that the curve we have obtained reveals, 
or does not reveal, inadequate control of stimulation, or adequate meas- 
urement of behavior? There is none, and our axiom is a dubious one 
indeed 

It can be asserted then, that something more than “smooth and repro- 
ducible” curves must serve as the basis for a definitive system of be- 
havior, even though, within limits, this criterion may prove temporarily 
useful m some instances 

We shall not take time here to present an exhaustive set of inexplicit 
axioms such as, “There is no set of data adequate to define a concept 
'inhibition 1 ” There seem to be many, that vary widely in content We 
shall rest with having pointed out that such a class of axioms can be dis- 
tinguished in Skinner’s system 


The Use of Models 

"Model” 13 a fashionable term, but of variable referent If we restrict 
ourselves to the use of the term as it appears m the physical sciences 
(eg, Riemanman space or the Newtonian mechanics o perfectly ^elashc 
spherules of the older gas theory), no models appear in Skinners system, 
nor could there be any in such a nonpostulationa sys em 

If we use the term loosely, in the fashion o p 
defend the position that the spinal-reflex is taken as 
behavior but that the reflex reserve is based on a 
bucket , 28 or reservoir, model, into which we may P umts but w ith 

titles of response-stuff and wothdraw it ir^rathe^ ^ „ mode , 3/ , Jn 

the total "stuff” available invariant fce otherwise, of course, if 

this sense, are insignificant analogies , . i ,elv 

these “models” were employed hypothetico-deduct.vely 


Techniques of Derivation , ue of denvatl0n 1S en t lre ly informal 

It is evident that Skinners Statements describing them in 

Data are presented and graphs P t 5 errns of the system are added The 
the data language and the pnm.t.^ ^ ^ # Afl „ „ number 

final description, in these t d t h, n a section dealing with a defined 
of such statements have accrue “ mcnt ]s fou „d which states a law 

set of variables, a sum ““™ t^tuBl material 
broadly embedded m collatcra 

J . i _ raeonf. wntmC 


•oacuy emoeuub« — — , n 

, I rices this model in a recent writing (G ) 

•Skinner acknowledges tn 
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In other cases, where general laws are presented, their formulation and 
presentation may be more formal. Thus, “The Law of the Discrimination 
of the Stimulus in Type S” is stated after a preliminary treatment which 
states the problem of discrimination in the terms of the system, and 
which is largely concerned with the rejection of alternative treatments. 


GENERAL EVALUATION 

Our analysis has been relatively detailed. It has been based on a well- 
established view of the role of theory in the development of science and 
o f the structural characteristics of useful theory. Such analyses alums 
inevitably develop into listings of the sins of omission and commission o 
particular theorists, especially when one treats with a theorist whose 
views on theory diverge from the analyst's. 

Hull, Tolman, and even Guthrie and Lewin share with us much of our 
view of theory. It is, then, appropriate to point out gaps between many 
of their stated objectives and their performances. But it is not clear 
that Skinner is dealing with the same subject matter as these others. lie 
often seems to be developing a system that not only differs from the 
others in particulars of theoretical detail, but also represents a re-orienta- 
tion towards the science. 

We have indicated certain shortcomings in the theoretical and sys- 
tematic developments offered by Skinner. Many of his proponents will 
sharply dispute these judgments. Criteria highly suited to the examina- 
tion of such highly axiomatized and deductive systems as Hull's may be 
irrelevant to Skinner’s, since he has explicitly disavowed any intention 
of writing such a theory, and as we have seen, has used formal laws solely 
to define his subject matter. In its constructional aspects, however, 
Skinner’s work falls within the scope of the term “theory,” and can be 
so examined. Skinner has written & theory. On the other hand, it remains 
necessary to examine the status of the structure as a “system.” 

Skinner states that he is concerned with the setting forth of a system. 
A system "consists of an aggregation of related variables, singled out for 
the sake of convenient investigation and description from all the various 
phenomena presented by a given subject matter. In the case of behavior, 
a si-stem in this sense can be arrived at only through the kind of experi- 
mental analysis to which this book is devoted, in which the parts or 
aspects of behavior which undergo orderly changes are identified and 
their mutual relations established” (pp. 434-435). 

Skinner, then, since he has defined his subject matter, considers that 
, work is solely one of empirical investigation, the assembling of an 
orderly body of experimentally established facts of the sort that must 
exist before a succinctly stated group of lawful relationships can sum- 
marise varied sets of experimental data within the area. The area is 
formally defined; only oftcrwnrds is the procedure empirical, descriptive, 
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inductive, nonpostulational. A system, in this view, is not so much a 
“theory” as it is a Weltanschauung. 

How successful has Skinner been in setting forth such a system? Cer- 
tainly, the body of experimental fact is there and secure. Certainly, the 
most important variables that are manipulated, and the dependent ones 
that are measured, are established. The experimental substrate of a sys- 
tem has been developed. Much of the vocabulary and definitional system 
needed to handle the results of the program is given within the system. 
But what is available is not entirely adequate to define the kind of 
system Skinner is concerned with, and we must turn to the embedding 
material, what the systematist has to say about what he is doing, rather 
than to the formal statements themselves, for further illumination. When 
we do so, we find that the kind of system conceived is quite different from 
what the hasty reader thinks is there, and that it is indeed based on 
premises with respect to the nature of things which will not be universally 


accepted. 

That Skinner's concepts have often been misunderstood and misin- 
terpreted probably stems from his choice of a set of terms. Implicative 
and associational values turn up frequently in the selection of a theorist s 
terminology. To the “Tolmanite,” conditioned responses are mere, or 
mechanical. To the “Hullian,” expectancy and cognition cany the sug- 
gestion of the capricious intervention of entities extraneous to behavior. 
Skinner has attempted to avoid such considerations, and to elimina e ie 
preconceptions (about what organisms ought or ought not to do) that may 
flow from the use of terms with extensive connotations. He | wishes i to nnd 
out how animals behave and seeks a vocabulary that wi e im 
about how they behave. Because of the existence in ei ™ , . 
Pavlov of sets of data of the kind he believes are needed, he has adopte 
many of their terms and applied some of their aws m e m 
As a consequence, he has been misinterpreted. In is c jjj 

nology, Skinner hi. assured that his 

be read easily by the followers of Hull an , , he organ ismic- 

tion, if not with difficulty, by those ^ whe ^ have s CODditioned 

field-Gestalt-force family of words to work Qf PflV , 0V „ Hullj 

responses seem to many rea ^ ers has been classed with Hull rather 
with the extraordinary result that n Lewin, in his general 

than with Tolman, with Guthne ra er ^ common with tha t of 
position. Skinner’s work has, in f . j bose ovcr “latent learning,'’ and 
any of these men. Controversies, mutations ore pointless within the 
"continuity” and "discontinuity” mtcrpretations are po 
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physiology, and they are stated in a physically reduced way. He employs 
them, not physicalistically, but physically. Skinner, on the contrary, does 
not attempt to write a set of statements about behavior which may e 
readily related to statements about protons, molecules, quanta, nerve 
impulses, or brain structures. Such a treatment, by its analytical omis- 
sions, produces disparities between physical world and psychological 
world, and so leads to a necessity for phenomenological investigations 
such as those of the Gestalt psychologist, that seek to put the “two” back 
together again. These problems are meaningful only when we accept as 
basic data for a point of departure the analytic products of other sciences. 
It may ultimately become desirable to incorporate reductive statements 
of some sort, as a more and more complete description of behavior de- 
velops. But it is not clear that this procedure is logically necessary or 
pragmatically desirable for a science of behavior that aims to predict and 
describe. The experimental analyses forced by an acceptance of reduc- 
tionism often displaces scientific inquiries into behavior from the observa- 
tion and quantification of the organism’s activities, to the elaboration of 
detail on relatively insignificant phenomena. 

Skinner’s approach, then, bears no more than a terminological resem- 
blance to Hull’s or to Pavlov’s, but it is at least first cousin to Kantor’s 
system (15) , which explicitly rather than implicitly accepts a metaphysi- 
cal position, naive realism, and rejects even the logical possibility of a 
reductionism. His approach has affinities to Tolman’s. Tolman postulates 
that the so-called laws of perception, derived from phenomenological 
studies, apply to the rat; Skinner does what amounts to the same thing 
implicitly, by starting with what comes to him, to all the other experi- 
menters, and until proven otherwise, to the experimental animal. Hull, on 
the contrary, seems to wish (where he does not evade the issue by speak- 
ing of “stimulus interactions”) to derive “perceptual” laws on the basis 
of his rcductivcly stated postulates. Skinner wants to start with a point- 
at-able world, with point- at- able operations, and to carry on from there. 
He accepts as his point of departure the world of things and activities and 
leaves to others, who start rcductivcly, the fields of “perception" and 
“sensation.” It is often with surprise that persons most familiar with 
earlier frames of references in psychology recognize that this is true 
of other current hchaviorists. Physiological elcmcntarism, in the style 
of \\ atson, is not a necessary characteristic of today’s behaviorists. 

As a systematise then, Skinner attempts a clean break with much of 
traditional psychology, a fact that has escaped many psychologists. 

How does Skinner’s work stand if it is evaluated in terms of its own 
* a o jeetnes? One must gay that it survives examination more 
successfully than when it is viewed as just another theory. Its very 
faults seem to accent its fundamental merit; they come from the fact 

a , even Y.i the best of intentions, Skinner has not been able to 
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eschew theory as he wished. Theoretical constructs have appeared within 
the system, and have been assigned properties that do not appear in the 
data. Data-language terms have accrued surplus meanings. Statements 
incorporating operationally defined terms assert relations that have not 
yet been experimentally demonstrated. If Skinner had followed the 
critical analysis of theory construction that we have expounded, and if 
the highly formal nature of much of the system had been recognized, 
perhaps some of these difficulties might have been circumvented. Skinner, 
too, would object to the very things to which we have objected. 

The experimental program, on the other hand, has developed in a 
satisfactory manner. The experimental data that have accumulated over 
the years do not show the result of a preoccupation with “critical (and 
complex) experiments, whose outcome becomes a matter of indifference 
to all, as soon as the theoretical point to which they were addresse is 
re-evaluated. In any event, as a system, Skinner’s is still growing, and 


data-gathering has outstripped theory. . , . 

We may finally test the system against those evaluative cn ena ia 
were proposed in an earlier section of this monograph. 

Clarification of events. Does the system “clarify the description o 
world which is possible in ordinary language?” There is 1 e ou 
in eliminating, in an explicit way, terms of loose re eren 
connotation, Skinner has enabled many theorists to n ° 
suppressed premises in their thinking. Beyond thl \ con ^f^ y f e 
terms employed in the system are such that many p . ... These 
restated to reveal relationships that might otherwise e e 

results, in turn, necessarily lead to experimental . nvest.gat^ The eam 

terns, we have noted, however, have led to confusion about the 


Summarization of existing data. How 
marize existing knowledge? Skinner h ? s JT to inco rporate within Ins 
existing scientific knowledge that he 13 defensible the proposition 

system. While doubtless accepting as nigi y ^ interpreted in terms 
that any set of scientific psychologica 0 0 basis for scientific 

of his variables, he explicitly refuses a ’ er j m cnts. The reason for 

induction, the results of most psyc o ■> con trol of the independent 
this is that the selection, mampu a ’ 6 jg n jiicant Ects of data are 
variables is so erratic and lncomp t])at havc been used arc mean- 

lacking. Further, the measures o finally, too complex for fruitfu 

inglcss. Many experimental design th ’ . is applied only to behavioral 
analysis. To a remarkable dy^tta _ JP , ^ handIc mnny data 

experimentation in its define ® . attempt to do so. . « 

for the simple reason that it ° dntn nre ^orcd 

For the same reasons <W most e»- SI sivB (o data currentl, 

in developing the system, the s>stem 
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obtained in non-Skinnenan experiments Only when the variables have 
been adequately selected and manipulated according to the standards 
of the system, and when appropriate measures of behavior have been 
made does the system take account of experimental data Then it shows 
itself highly sensitive to experimental results Concepts well established 
m the system such as “reflex reserve" 28 have been abandoned since their 
original statement on the basis of experimental results (48) without any 
particular attempt to reformulate them or otherwise to salvage them 
Systematic problems are likewise faced, and new hypothetical constructs 
ave been or are being, developed to account for new classes of data The 
experimental program proceeds, and no particular attempt is made to 
J™, UP i n ?T mng that goe3 Wl0 > It In short, the system is highly 
erafet ,n tern, 3 fT a P pro P rlate Almost n ° <*°rt >s made to rc.n- 
teX or m a 1 Sy ’ data gathered ,n other experimental con- 
wdhm the . J 0th ^ W f t0 make use of them or to synthesize them 
Ire tXen r y ” ^ m8y be vabd d e , reproducible) , but they 

Xich sLner3 0Pnale i 0r tbe systematlc science of behavior toward 
Ishttr b , ‘7h n8 ih The Sy 1 em ’ then ’ Bumma ™<* such knowledge 
Pred.c lo„ Do " th y 7 SPeClfied eXp “ tal techniques 

ncwl«D:es:t; y r s e e drctr ediate the apphcat,on ° f kn ° wiedge to 

to S p°mXT thTLTcomToTplLn" d aV, ° r ^ ErCat 6treSS ° n tbe,r ablbty 
venmenta cruciTnTJ, P * e *P e r.ments-often taken to be e*- 

empmcal basis “informaUvXX d7 0V ?^f r ’ tbat 3 tbeory of restricted 
not generate ™ s TrrH 1 l 7 lnduct >vely" developed does 

novel situations In fact such stS ° 7 ^ bebavi0r to be observed m 
oral aspects of SkiXXw o 1?“ thcSe must be Tial.fied Sev- 
tion must be treated individually AlXLhXf Pr f ed ‘ Ctl ° n 3nd extra P° la - 
theonsts when lie is makinu statement a ° of 0ur more oonservative 
willing than most to cxtraDolate S 0 ^prediction, Skinner is more 
they have been developed to some o C f°nf PtS fr ° m tbe Bltuatl ons in which 
behavior This willingness i 5 clenrlv 7 ?° re lntncate casea of human 
The Behavior of oZZl “ the “tie of the treatise, 
Skinner-box ’ whloh deals with the white rat in the 

to make predictio^The ‘ D ° Bystematls t may wish 

anal} sis shows that the "same” variables iu a* 8 IoglcaI or operational 
and stu died in the laboratory are t | mt bave alr eady been isolated 
no* , C1) , operative elsewhere in the “same” 

tail f t-7d“L?.trc r 5 n r ncUon rly “ Cful coa ' c P l -or doca 

t! ror> , J ‘ “ defensible dev,,pl,„rat cu , rT « m „ cer- 

d‘r*S^ d J d ‘ a 'wa‘ d.men4na Ll bchaV ‘? r ' T "• 

a eUipmrn* \ ? I ? rcdlcte ^ «tmction-cur\». 8yst ®? Ifc could be 

0U ' hc momentary roadmen cnTrapS „ lu ’ su ‘ stlc “ n >'’ “ 


a 8fjvl cmcnt about th” 
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relationships that have been investigated. The data are in, and the 
theorist simply asserts the genotypic ality of the situation, applies his 
theory, and “predicts” the course of events. In the other situation, 
familiar variables may be encountered, but in novel configurations, and 
the theorist is required to generate statements that go beyond those he 
has already made. Or, again, new variables may be encountered, and, 
again, prediction may be called for. While Skinner will predict, or rather 
extrapolate freely where a logical analysis reveals familiar variables act- 
ing in familiar ways, he will not predict at all under other circumstances. 
As a consequence, it is possible to find no predictions at all of the be- 
havior of rats, or of pigeons, when novel combinations of stimuli are pre- 
sented to them in the Skinner-box, and many predictions among Skinner’s 
writings with respect to human behavior in a social environment. The 
great difficulty is that these predictions are usually unverifiable, because 
of the complexity of the situation and the consequent impossibility of 
meaningful experimental test. Prediction, then, is represented by extra- 
polation, by analogy; its use for the generation of propositions that may 
be put to experimental test is avoided. 

Does the system lead to fruitful lines of experimental inquiry? There 
can be no doubt that the theory has been associated with a veiy active 
experimental program. There can be no doubt that its atheoretica 
orientation dictates that experimentation shall proceed at all times, with 
full exploration of the behavioral consequences of varying the many 
experimental variables that the system discovers and treats. Many ex- 
perimenters have argued that such parametric approac es o ®*P 
mentation are fruitless, and that only experimentation directed toward 
particular theoretical points have the merit of fertih y. ? n5 \ ’ , 

development of the Skinnerian system argues agams r hcck 

theory does not predict, and experimentation is no '•si cx ceed- 

theoretical statements. Yet the experimental program hasbecn»n Md 
ingiy productive one. The experimental pages of ^ “^arch 
wms speak for themselves. Most pa £ ^joJi and developed within the 
schedules of reinforcement was ^ jn ol her tl.coretical frame- 

system. This set of results was i not tip ^ R COD6tjtutcs a body of 

works and still represents a dilhcu ' rnb]e jnfluc ncc on theory for years 
data that very likely will have th has frccd the experimental 

to come. The experimental stress for thc integrity of theoretical 

program from restrictions fore 7 n ^ quantity or variety in 

constructs. It is difficult to fi , we j )avc been concerned for the 
the works of other theorists with ^ Tha t this reflects 

experimental program associs i c ^ doubted. It is certainly a tribute 

much with respect to the y, c force of his strongly empirical 

to thc systematist, and it demo 

position. 
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Appendix 

THE FORMALIZED LAWS OF BEHAVIOR 
{The Behavior of Organisms ) 


Static Late# 

1 The Law of Threshold The intensity of the stimulus must reach or 
exceed a certain critical value (called the threshold) in order to elicit 
a response 

2 The Law of Latency An interval of time (called the latency) elapses 
between the beginning of the stimulus and the beginning of the 
response 

3 The Law of the Magnitude of the Response The magnitude of the 
response is a function of the intensity of the stimulus 

4 The Law of After-Discharge The response may persist for some time 
after the cessation of the stimulus 

5 The Law of Temporal Summation Prolongation of a stimulus or 
repetitive presentation within certain limiting rates has the same 
effect as increasing the intensity 

Dynamic Laws 

6 The Law of the Refractory Phase Immediately after elicitation the 
strength of some reflexes exists at a low, perhaps zero, value It re- 
turns to its former state during subsequent inactivity 

7 The Law of Reflex Fatigue The strength of a reflex declines during 
repeated elicitation and returns to its former value during subsequent 
inactivity 

8 The Law of Facilitation The strength of a reflex may be increased 
through presentation of a second stimulus which does not itself elicit 
the response 

9 The Lau> of Inhibition The strength of a reflex may be decreased 
through presentation of a second stimulus which has no other relation 
to the effector involved 

10 The Law of Conditioning of Type S The approximately simultaneous 
presentation of two stimuli, one of which (the “reinforcing” stimulus) 
belongs to a reflex existing at the moment at some strength, may 
produce an increase in the strength of a third reflex composed of the 
response of the reinforcing reflex and the other stimulus 

11 The Law of Extinction of Type S If the reflex strengthened through 
conditioning of Type S is elicited vithout presentation of the re-' 
inforcing stimulus, its strength decreases 

*2 The Law of Conditioning of Type R If the occurrence of an operant 
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is followed by presentation of a reinforcing stimulus, the strength is 
increased. 

13. The Law of Extinction of Type R. If the occurrence of an operant 
already strengthened through conditioning is not followed by the re- 
inforcing stimulus, the strength is decreased. 


Laws of Interaction 

14. The Law of Compatibility. Two or more responses which do not over- 
lap topographically may occur simultaneously without interference. 

15. The Law of Prepotency. When two reflexes overlap topograp ica y 

and the responses are incompatible, one response may occur o ie 
exclusion of the other. . .. f 

16. The Law of Algebraic Summation. The simultaneous elicitation oi 
two responses utilizing the same effectors but in opposi e ire ^ 10 
produces a response the extent of which is an algebraic resu an ' ■ 

17. The Law of Blending. Two responses showing some topog P 

overlap may be elicited together but in necessari y mo ' 

18. The Law of Spatial Summation , ^J^^Xation has a 
form of response, the response to both stimu 

greater magnitude and a shorter latency. constitute or 

19. The Law of Chaining. The response of one reflex may const, tutc 

produce the eliciting or discriminative stimu u “ ' 6t th of a reflex 

20. The Law of Induction. A dynamic <*“ n E e extensive change in a 
may be accompanied by a similar but not o e den 

related reflex, where the relation is due to the possession 
properties of stimulus or response. c i 1B ] n of reflexes 

21. The Law of the Extinction of Chained Reft • 1 . d undcrg0 

not ultimately reinforced only the membem actuallj 

extinction. . . c Hmulus in Type S. A reflex 

22. The Law of the Discriminalwn oh ‘*. n * rccmcnt of a reflex . 

be separately extin- 


23 


me juaw uj ui* ; . rc ; n f 0 rccmcnt of a reflex 

strengthened by induction fro . , ma y be .separately extin- 

ing a similar but not for the organic,, 

guishedif the difference V«.V ‘ 


■erence in ^ stilus in Type R. The 

The Law of the Dtscnmmatio 1 reinforcement i« not imle- 

strength acquired by an operan ism „( (he moment, and 

pendent of the stimuli affecting « o ^ be given m-My A ,f- 

operants having the same formo^m wllh repeet to 

ferent strengths through diflcrc 

such Btimuli. Reserve. The rcinforeemen o. * 

24. The Law of the OperaM Re.'ri ,, independen 

creates a single 
lating field but which » 
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WILLIAM K. ESTES 


INTRODUCTION 

_ . J writprs if not theorists tliem- 

Duking recent years reviewers and text ’ ycho i ogy of icarn- 

selves, have come to characterize, or dra ’ F commonly called 
ing in terms of a conflict between two camp , th ^on ond thc 

stimulus-response or stimulus-response-ren rforcH nent ^ ^ ^ 

other gestalt, cognitive or, most genera y, ^ covcrs at least Hull, 
demarcation are not entirely distinct. g and 6tu( jents of these 

Guthrie, Skinner, and a large number o Koffka an d Kohler, Lewin, 

men; the field label covers the gesta '°J jverRen i as Maier and Wheeler. 

and sometimes others with viewpoins latter croup, although it is 

Tolman has usually been clashed m the jattcr^g J ^ tliat the 
by no means clear upon dct ^ e L^ZT e Zm recent writings, that 

classification is entirely accurate (or JUdg ^ ^ foUowine _d.scuss.on 

he is entirely happy with > ) • d „ vc ] 0 pmcnt simply as learning .corj 
we shall refer to the former line of develop 

and the latter as field theory. lhenj thc rather loosely defined 

By learning theory we shall me . ^ out of the American 

class of psychological syctcms w which is associated h j ,ton '* J 

funcUonalist-bchavionst " orodfc ^ b Jennings, 

with the names of P , c n amcs of Hull, G 1 ( ji«narntc 

Carr, and contemporan y w dcfincdj includes severa tn^ undrrWn8 
Although learning theory, , mvc much “ positivism nod 

theoretical programs, the} „ 1C in flucncc of logics , ion D , 

philosophy is strong* i, char.elcn.ed by an wsump 


operationism. The point of ^ 
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continuity with physiology and physics and a tendency to take the 
experimental and theoretical methods of the physical sciences as a start- 
ing point for approaching the problems of behavior. All are committed to 
the view that the concepts of a science of learning must be confirmable 
in terms of prediction of observable behaviors. In the early stages o 
theorizing, at least, they proceed by analyzing learning situations^ into 
behavioral and environmental components and developing empinca 
generalizations that describe relations among classes of behavioral and 
environmental variables. The concepts of learning theory have for the 
most part grown out of experimental facts in a rather straightforward 
fashion. This point of view has assumed a dominant role in relation to 
research on learning in this country. The vast majority of studies of 
learning reported in the experimental journals in recent years are formu- 
lated in terms of S-R theory. This fact is in great measure responsible 
for the emphasis given S-R learning theory in the work of the Dartmouth 


conference. 

There is no reason to expect that direct comparison of learning theory 
and field theory will be easy, for the empirical sources of the two theo- 
retical enterprises are quite different. "Whereas the concepts of learning 
theory have grown out of a fairly well defined set of experimental data, 
the inductive source of field theory seems to be compounded of informal 
observation of various sorts of human behavior, usually in social con- 
texts; introspective reports from human subjects; experimentation on 
human behavior, mostly concerned with conflict, perceptual phenomena, 
and group interactions; and a small amount of animal experimentation, 
mostly involving complex activities in the higher organisms, problem 
solving, etc. In so far as we expect a theory to grow out of facts, we 
should be prepared to find many differences between field theories and 
conventional learning theories. Despite these considerations, the propo- 
nents of field theories are frequently found to hold that their formulations 
are superior to learning theory in handling the empirical domain with 
which the latter has been especially concerned. There are several specific 
ways in which this might be accomplished. On the one hand the laws of 


learning theory might prove to be derivable as theorems or special cases 
of ficld-theorctical laws. Another possibility is that the field theory might 
interpret the same data quite differently, so that while field theory and 
learning theory would not, then, literally handle the same facts, neverthc- 
Icss, field theory might prove to be the superior instrument for mediating 
the prediction and control of behavior in learning situations. The former 
possibility we can hope to evaluate in reasonably objective fashion; the 
latter may well prove indeterminate. 

Now we may ask what arc the distinguishing characteristics of the 
enterprises which claim or at least permit the appellation field theory? 
It should be noted first ol all that most of the attributes claimed by field 
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theorists and sympathetic reviewers tend to vanish or at least become 
non-differentiating upon critical scrutiny. It is not clear to the present 
writer in what technical sense the term field theory is especially applica- 
ble to the systems of Lewin (11, 12), Koffka (7), Kohler (8), or Tolman 
(18). The term field has been taken over from physics, but it is not 
easy to find a basis for the presumed analogy between field theories of 
physics and the so-called field theories of psychology. In any physical 
theory the system of events under consideration is characterized by a 
set of state variables (e.g., in mechanics one may take as a system a 
material particle and characterize the state of the system at any mo 
ment by the mass, position, and velocity) ; the theory pre ic s e 
behavior of the system by means of laws relating these state vans es 
to one or more independent variables. In non-field theories— eg.> c as # sl 
cal mechanics — time is the only independent variable. In e e ° 
spatial as well as temporal coordinates take on the role o m 
variables and the laws are expressed as partial differen ia e ' 

It is not obvious, however, that this mode of differentia 10 “ . paiy 

and non-field theories makes much sense in the con e ° . have not 

psychology. Certainly the so-called field theories of psyc Qnd 

made great use of partial differential equations; even bcen Jes3 

less formidable methods of quantitative analysis av g rea ting the 
prominent in these systems than arguments m favor of treating 

organism as a whole.” „„„r-me(!hanistio views of 

The field theorists of psychology oritici - t ; s the 

causality and emphasize multiple determin ’ cce( j e d to formulate 
stimulus-response learning tlieonsts w o . Dd ’ pendent variables (as, 
laws relating behavior changes to '■ 1 ^ tary ac tj 0 n tendency by 
for example, in the joint determination o T1 roner tics in the theories of 
reinforcement history, drive, and stimu “ s d theorists, especially Lewin 
Hull (5) and Skinner (16) . Some of the field I theory ^ ^ 6cienc0 

(14), emphasize the role of “the P rc88 " ' g! a phenomenon than 
can go no farther toward the exp -( lion ; n which it occurs; this 

vide a conceptual representation of the _ 

view will be examined in detail below hos bccn thc c ] a ,m of 

One of the rallying points of Dr relation theorists 13). 
being more dynamic than st.mulus-rcspo^ ^ physieol theory with no 

Again wc seem to have a term p5J . c hoIogy. In •>"” _ . ' j 

obvious basis for its ana ogic change of processes w « ° 

laws arc those which express ™*'. briurn . clearly the use of 

"dynamic” in psych"*® «n 
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tion according to which a satisfactory account of an observed phenome- 
non must involve words connoting lorce or energy Thus we find (10) 
association theory criticized for failing to provide a source of energy for 
mental processes, and field theories such as Lewm’s given credit for 
handling the problem of motivation simply because the word force is 
used to label one of the theoretical concepts It is our view that progress 
in psychology depends upon achieving freedom from this sort of “dy- 
namic” theorizing and rising above the primitive stage of theoretical 
development where the demand for explanation can be satisfied only 
by animistic or analogical forces, faculties, energies which reside in or 
behind observed phenomena Among field theorists Lewra has been an 
outspoken critic of animistic views of causation and yet has not been 
able to resist the temptation to assign to his theoretical concepts attn- 
utes of direction, attraction, repulsion, etc , thus remaining effectively 
in bondage to the mechanical models of classical physics It seems to be 
th . e „ theones but the more sophisticated S-R theones, notably 
that of Skinner (16), which are beginning to achieve freedom from the 
animistic theories implicit in everyday language and to reflect the 
methodological developments of physical theory 

nf COI “ p f” son of an d learning theones reveals a number 

lstipallv C 1 ® ercnoes rirst of 8 *1| the field theones are character- 

istically much broader in scope They take their origins m everyday 

mfc bI T i° r m COmplex labora tory situations involving perceptual and 
inferential processes, formulate theoretical concepts reflecting the grossly 

mr b thc d r a7, aV ’ "meaningful,” aspects^ be- 

havior, then at a later stage try to show that the results of learning 

^ e theo rbabZed *? “I 6 * « 17Z 

The Uarning Sen n T daa ’ ™th the same problems 

.KZ5 " r? tha re “ > a » 

dictions m a narrowly deflLed ZtZn ^ 

light his model may shed unon extm’lnh wanders afield to see what 
retire sheepishly if caught off hi " borator y P r °blems (but ready to 

Differences mmterest and n lth /i T baSC by other theorists) 

sons between field and SJ? n t '°r° ° Elca assum Pbons make compan- 
unrcwarding B cause of, ,7 ° ' Wnf alwa ^ a nd frequently 

taken as the ba s “ of definU nTT “ the data la "GUages which are 

and 5-R theories \iith respect to cfficnp S rar ^ ly P 0SSlblc to com P are field 

Learning theonsts tend to accent tv/d" haadlnE a Given phenomenon 
theoretical concepts can be dofi C 'desirability of proceeding so that 

reduction, te™ s ° r by some sort of 

statements arc confirmable by ob^cnatwn^ 1 '^ IansuaE ° ln which 11,1 

a purely formal system A *? ^ Crms °f onc another constitutes 

f0mial S56tcm ma y be of great interest » its 
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own right (e g , projective geometry) , but it has no necessary reference 
to empirical events The concepts of a scientific theory must, in order to 
go beyond this sort of circularity, be reducible to a set of terms which 
are taken as undefined within the theory but which can be set in corre- 
spondence with observables, we shall refer to this set of terms as the 
data language of a given theory The status of this language should be 
clearly understood The terms are not necessarily simple m the sense of 


being familiar to everyone or of being self-evident A portion of the data 
language comes from everyday English and includes the terminology 
needed for the description of observations and operations In psychology 
the chief function of the data language is the description of behaviors and 
of the situations in which they occur The terms used m description must 
be limited to those for which agreement upon usage can be obtained from 
workers in the field regardless of theoretical biases and which are ree 
of any reference to theory (that is, to the theory for which the set o terms 
m question functions as data language) Terms from related disciplines 
are usually included in the data language All or nearly all psychological 
theories accept the language of physics as undefined and usua y P a o 
the language of physiology Borrowing from phjsiology ms o e 
with care since much physiological doctrine is as muc m qu 
are psychological concepts that incorporate them flny P 1 suitable 
terms would be generally accepted by psychology hconsts a uHablc 
elements of the data language (e g , isometric con ™ . h clcarl} 
tcntial, nerve impulse, refractory period of a nerve fiber , o tes < ilcarJj 
would not (e g , decrease in synaptic resistance, central inhibitory state, 



322 MODERN LEARNING THEORY 

be compared for critical purposes only in so far as they are reducible to 
the same data language. The reviews of current theories in the present 
volume have been influenced by this fact. It will be seen, for example, that 
the theoretical concepts of such otherwise diverse 6ystematists as Guthrie, 
Hull, Skinner, and Tolman assume essentially the same data language. 
The 'works of these men are directly comparable in many respects, and 
theories or fragments of theory growing out of their work may be re- 
garded as sometimes competitive, sometimes complementary formulations 
of a common subject matter. Certain other theories, those of Kohler and 
Koffka, for example, which might appear superficially to be alternative 
formulations to those mentioned above, prove upon analysis to assume 
different data languages and therefore to present quite different tasks to 
the critical analyst. 

Lewin’s theory has seemed to us the most suitable of the field theories 
to select for detailed consideration. It has been elaborated in great detail 
and applied to many concrete situations. Methodological assumptions are 
given explicitly, so that by giving adequate consideration to these as- 
sumptions it should be possible to avoid one of the common errors of the 
critic — criticizing a theory upon irrelevant grounds. Further, Lewin’s 
thinking falls within the natural science tradition, and his views as to 
the mode of verification of theory and definition of concepts have seemed 
close enough to those characteristic of learning theorists so that we felt 
able both to come to grips with his theory and to compare it in certain 
respects with learning theory. 

A critical or comparative analysis of any intellectual undertaking must 
be carried out within a given framework, with reference to which com- 
parisons and evaluations have meaning. Our reviews must be understood 
with reference to the scheme of analysis set forth in the introduction to 
this monograph. We have had to limit ourselves to certain theories which 
assume the same language system and accept the same means of con- 
firming theoretical statements that we do. These comments will explain 
the complete omission of certain gestalt theories from our discussions 
and the selection of Lewin’s work to represent the so-called field ap- 
proach. 

The present critique will be subject to certain strict limitations. The 
view will be taken that a psychological theory is one which attempts to 
account for the observable activities of organisms. The test of a theory is 
prediction. This does not mean that detailed prediction is the mam goal 
of a theory. Probably not. In fact most laymen can provide better pre- 
dictions of behavior for certain individual organisms than any available 
heory. Nevertheless, a body of concepts constitutes a theory only insofar 
as 1 entails statements which are confirmable by observation. In psy- 
C °,°6y these observation statements relate observable behaviors of or- 
ganisms either to other aspects of behavior or to observable environmen- 
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11 ? hkCly that Lewln ’ s V1CW of thc nature of psychological 
menUy ,Z Z agrC ? ° nt,r f ly mth that of the P resont ccviewcr Conec- 
? nq fHu BGCm t0 workers in the Lewiman tradition that the review 
ssed the point of some of the Lcwmian theoretical developments 
Th> may quite well be true In any case the purpose of the It 
analysis is not to decide whether Lewin’s theoiy is good or bad, regarded 

DartieT 1 * 1 " 8tl . tutlon ’ but t0 determine how it stands with respect to a 
particular set of standards 

f V ? n f . r ° m th ' 3 polnt of VIew ' U 19 entirely likely that we will not be 
able to do complete justice to Lewin’s views It will be necessary to 
extract some of his theoretical concepts from context m order to exhibit 
ne structure of his theory in terms of our analytical outline There seems, 
however, to be ample evidence in Lewin’s writings that analysis of his 
^or - in our terms is not unreasonable He has expressed views concerning 
he relation of theory and fact very similar to our own For example 


© task of psychology is that of conceptually representing and deriving 
psychological processes Oddly enough such derivations (or, as one might say, 
xp anations) arc not possible if one attempts to link directly with other ob- 
servable facts (B 2 , J3 3 ) the behavior ( B ) which lias to be explained It is be- 
coming increasingly clear that it is necessary to introduce between these groups 
of directly observable facts a number of concepts or constructs which one 
can call “intervening concepts" or “conditional genetic concepts' or, 
briefly, "dynamic concepts" (12, p 11) 


And again 


The sole purpose of constructs is that of deriving scientifically the ob c crvablc 
processes which one might want to explain or predict Such a scientific 
derivation is possible only if (I) the conceptual properties of the dynamical 
facts are clearly defined (le, if the logical mathematical properties of thc c c 
constructs are clear), (2) an empirical proce c s or operation is defined which 
permits one to determine whether or not, in a concrete case, the dynamical fact 
exists 

The growing interest in “operational" definitions m psychology has 
helped to emphasize the necessity of introducing concepts (constructs) beyond 
the level of directly observable phenomena, and has helped emphasize the ncccs 
sity of linking these constructs in a definite way to concrete manipulations (12, 

P 13) 

It would appear, then, that our plan of analysis in terms of observable 
variables, constructs, and rules of correspondence between theory and 
data language is not pnma facie an unreasonable program giv cn Lewin s 
stated views on scientific methodology 

Lewin has not developed a learning theory m thc same sense as Hull 
or Guthrie Like other field theorists, Lewin and his followers have not 
earned through any intensive or sustained investigations into pro ems 
of learning and have not formulated a set of concepts especial y or ic 
interpretation of learning phenomena Nevertheless, Lewin an o icrs 
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sympathetic with his views, as Leeper (9) and Hilgard (3), have indi- 
cated frequently that Lemn’s broader field theory can handle problems 
of learning incidentally. Since field theories are rather widely regarded as 
alternatives or competitors to learning theory it may be instructive to 
take Lewin’s as the most explicitly formulated of the field theories and 
investigate the extent to which it has been possible to handle problems 
of learning -within this framework. 

L METHODOLOGICAL CONSIDERATIONS 

We shall discuss first Lewin’s general point of view and methodologi- 
cal assumptions, then the more detailed structure of his topological and 
vector psychology, and finally applications of this system to learning 
phenomena. 

Lewin’s program represents one of the first serious attempts in psy- 
chology to interpret an existing formal system in terms of an empirical 
domain. This theoretical procedure has had a number of spectacular 
successes in other sciences, as in the application of non-Euclidean 
geometry to relativity physics. (For a discussion of some of the method- 
ological problems involved, with particular reference to the theoretical 
enterprises of Lewin and Hull, see Koch (6) .) Even in physics this kind 
of theoretical blitzkrieg has been successful only upon certain occasions 
when favorable circumstances have enabled a convergence of previously 
separate lines of thought. The stage has been set by extensive study and 
systematization of the empirical subject matter, leading to the establish- 
ment of low level empirical laws or limited theories, each well established 
within restricted empirical areas but not satisfactorily interrelated 
within any broader framework. It is under these conditions that co- 
ordination of experimentally defined concepts to terms in a deductive 
formal system has proved extraordinarily fruitful. 

Lewin has attempted to apply a similar strategy to psychological 
system building by interpreting mathematical topology in terms of 
psychological, concepts, and where topology has not proved suitable, 
going on to invent a new geometry, hodology, with properties which 
seemed to be needed for the representation of psychological situations. 
We shall review this enterprise in some detail in the following pages. It 
should be pointed out at the outset, however, that a detailed evaluation 
of Lewin’s theory is complicated greatly by the status of the empirical 
domain which he took for his starting point. Unlike the situation in 
physics at the time of Einstein’s contributions, current psychology does 
not offer a generally accepted preliminary systematization of its subject 
matter or any well established limited theories. Consequently, in order 
to carry out his ambitious undertaking Lewin has had to take as his 
empirical base a hodge podge of terms taken over from classical psy- 
chological literature and from the vernacular, and then proceed to co- 
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ordinate these terms to terms in the mathematical system In evaluating 
Le win’s program it is necessary to consider both the methodological 
problems in a vector-topological representation of psychological con- 
cepts and also the status of the psychological concepts themselves To 
the extent that the latter are ambiguous or ill-defined the entire theory 
will be untestable One of the chief tasks of the critic must be to ascer- 
tain the extent to which statements in the theory are confirmable by 
observation and experiment In Lewin’s writings we find a curious sort 
of contradiction on this issue On the one hand, Lewin recognized as 
clearly as any theoretical writer in psychology the importance of co- 
ordinating conceptual and empirical terms and providing means for 
empirical confirmation of theoretical statements Take, for example, the 
following very explicit statement of his position 


The fact that we have to deal with mathematics in the empirical sciences 
means that the question of which mathematical concepts we have to use for 
the representation depends m each case upon the characteristics of the special 
empirical facts We are not dealing with questions of pure mathematics Our 
task is to represent certain empirical data adequately The problem o 
coordination is essentially an empirical problem in that its task is to demonstra e 
the nature of certain empirical facts, in our case facts of psychological dynamics, 
and to coordinate to them mathematical concepts which represent the ogica 
structure of these empirical relationships adequately In actual researcn, 
problems of coordination and purely mathematical problems are so c ^ 
nected that it is not always easy to distinguish between them _ e ' 

the history of physics shows, the greatest possible accuracy m this r p 
portant for the progress of science (11, pp 59 69 ) 

On the other hand, Lewin has not given the same critical attention 
to the "empirical facts" which he has attempted to interpret In one sense 
his work has been entirely consistent with his theore ica P°si . 
has been scrupulous in providing coordinating e ni ions i 
mathematical concepts with empirical, m this case psyc o og , 

But he has not proceeded to examine the psychological concep M» .turn 
for operational meaning This is a remarkable omission '"’.Lo- 

one of Lewin’s theoretical sophistication wou ® nsvcholoeical vocabu- 
sition that can be formulated m the conventual psychdoffcal yoca 

.ary can he assumed "n"onc. 

proceeds in practice, and at times V, al f acts are immediate!, 
of the quotation above) as though P7_ ^ ^ attentlon g, vcn mathc- 
given and thus not in need of them«ehcs are construe- 

mat, cal concepts It ,s our - view that the # to Bysl ll[C 

tions representing the ^ ^ th(j progre55 „c refinc- 

their observations and C ““"V J and theoretical concepts 
ment of both expcnmentol t h u]ar cxpcnmcnt , or somewhat 

mo^ g ™:r:.”.ahonsh, P between obsenab.es established for some 



326 modern learning theory 

well-defined situation. We accept an observed relationship as a fact 
only if we believe it to be reproducible, but it may have no generality 
beyond the situation for which it is established. In the most primitive 
stages of a science, commonly accepted bits of everyday observation may 
be taken as facts, in later stages only the results of controlled observation 
and experiment. Even among facts derived from experiment perfect 
democracy cannot be claimed. Always some facts are more heavily 
weighted than others by the theorist. In psychology at the present time 
many investigators, including the present "writers, favor the results of 
relatively simple experiments as the principal inductive base for learn- 
ing theory. This preference is not due to any naive belief that all of 
the principles which may eventually be needed to account for complex 
behaviors can be derived from these experiments, but rather to a con- 
viction that only in these experiments can we have confidence that the 
effects of different variables have been isolated. Like Lewin and his 
followers we feel the urgent need for a learning theory which can aid in 
the solution of human problems, but we can see no grounds for believing 
that the beginnings of an adequate theory can take root from anything 
but the patient analysis of experimentally isolated situations. 

The coordination of mathematical with psychological concepts does not 
in itself provide an adequate link with reality. The psychological con- 
cepts themselves, whether arising in the pre-theoretical stage of the sci- 
ence or borrowed from other systems, need to be coordinated just as 
scrupulously with non-theoretical terms which refer directly to observa- 
ble events and for which common usage can be obtained among all 
scientific investigators. A principal task in reviewing Lewin’s theory is 
to determine whether the linkage can be completed between his formal 
concepts and empirical events. 

H. PRELIMINARY CHARACTERIZATION 
OF THE THEORY 

In order to make the following critique intelligible let us begin by 
sketching briefly the main features of Lewin’s system as we understand 
it, where possible comparing his conceptions with those of learning theory. 

First, let us compare the starting points, the immediate inductive 
sources, of these two varieties of theory. Learning theory takes as its 
sole method of verification the prediction of behavior in specific situations. 
It has grown out of a body of fact drawn from laboratory experiments, 
usually with animal subjects, which provide functional relations between 
aspects of behavior and controlled antecedent conditions. Its low level 
concepts are typically rather straightforward generalizations of these ob- 
served relationships. Theoretical concepts are usually linked explicitly to 
the observable variables which enter into the low empirical generaliza- 
tions. For example, Hull attempts to anchor the concepts habit strength 
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and excitatory potential via explicit links to experimental operations 
such as reinforcement on the one hand and measures of behavior on the 
other; Tolman gives us operational definitions of expectancies and 
demands in terms of observable behavioral and environmental events; 
etc. In contrast Lewin begins his theorizing by noting certain very 
general characteristics of psychological events, or perhaps more ac- 
curately characteristic ways of describing psychological events. He points 
out, for example, that behavior can nearly always be described as 
having direction, toward or away from some aspect of the environment. 
Like other field-gestalt writers he emphasizes the fact that an organism 
may respond quite differently to the same physical situation upon differ- 
ent occasions, and describes this observation in terms of the organism s 
responding to the “environment as perceived” or to a “psychologica en- 
vironment” rather than to a “physical environment.” Lewin proceeds 
from this point by setting up a formal system designed to han e e 
general characteristics of psychological activity, the terms an re a ions 
in the formal system being either borrowed from mathematics or p ysics 
or invented as needed. Then the formal concepts are given coordinating 
definitions in terms of psychological concepts in order to give e 
empirical content. Unlike the learning theorist he does no usua y 
formal concepts explicitly to directly observable charac ens ics o 
havior or environment, but coordinates them to concep s * 
various branches of psychology (e.g., need, ; perceive, e c.) or ^ 
vocabulary used by the layman to deal with in rospec concept 

ate experience. To take a concrete example, the impo an latter 

tension is coordinated to the psychological concept need bn t the I^ter 
is not in turn defined in terms of observable behavioral or environmental 

events within Lewin’s system. , nnd 

Whereas learning theory has been for the most 

cautious outgrowth of physics and other lines of theoreti- 

does not exhibit the same obvious continuity an 
cal development. Lewin has, in fact tried U rplace ta ^ P ^ _ 

entirely independent foot ’ n S £ y f de tb “ reputation of psychological 
geometry especially developed fo P ^ ]]ysics . The conception 

events and no obvious relatl0 " s is one which many readers have 

of psychological space, or life sp , ;t not de g ne d in terms of 

great difficulty in coming to gnp= do no) . necessar ily have any 

physical space and regions of tn 

specific physical locus. in which Lewin’s theoretical 

The life space is, first of all, the P to bc nbIc to visualize 

concepts may be repre f f ? , ^1,. a t home with the concept in order 
this space, or even to feel 1 o{ a psychological space with a 

to understand Lewin s theory. P^ S another way of saying that a 
special geometry may be taken as 
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well-defined situation. We accept an observed relationship as a fact 
only if we believe it to be reproducible, but it may have no generality 
beyond the situation for which it is established. In the most primitive 
stages of a science, commonly accepted bits of everyday observation may 
be taken as facts, in later stages only the results of controlled observation 
and experiment. Even among facts derived from experiment perfect 
democracy cannot be claimed. Always some facts are more heavily 
weighted than others by the theorist. In psychology at the present time 
many investigators, including the present writers, favor the results of 
relatively simple experiments as the principal inductive base for learn- 
ing theory. This preference is not due to any naive belief that all of 
the principles which may eventually be needed to account for complex 
behaviors can be derived from these experiments, but rather to a con- 
viction that only in these experiments can we have confidence that the 
effects of different variables have been isolated. Like Lewin and his 
followers we feel the urgent need for a learning theory which can aid in 
the solution of human problems, but we can see no grounds for believing 
that the beginnings of an adequate theory can take root from anything 
but the patient analysis of experimentally isolated situations. 

The coordination of mathematical with psychological concepts does not 
in itself provide an adequate link with reality. The psychological con- 
cepts themselves, whether arising in the pre-theoretical stage of the sci- 
ence or borrowed from other systems, need to be coordinated just as 
scrupulously with non-theoretical terms which refer directly to observa- 
ble events and for which common usage can be obtained among all 
scientific investigators. A principal task in reviewing Lewin’s theory is 
to determine whether the linkage can be completed between his formal 
concepts and empirical events. 

n. PRELIMINARY CHARACTERIZATION 
OF THE THEORY 

In order to make the following critique intelligible let us begin by 
sketching briefly the main features of Lewin’s system as we understand 
it, where possible comparing his conceptions with those of learning theory. 

First, let us compare the starting points, the immediate inductive 
sources, of these two varieties of theory. Learning theory takes as its 
sole method of verification the prediction of behavior in specific situations. 
It has grown out of a body of fact drawn from laboratory experiments, 
usually with animal subjects, which provide functional relations between 
aspects of behavior and controlled antecedent conditions. Its low level 
concepts are typically rather straightforward generalizations of these ob- 
served relationships. Theoretical concepts are usually linked explicitly to 
the observable variables which enter into the low empirical generaliza- 
tions. For example, Hull attempts to anchor the concepts habit strength 
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and excitatory potential via explicit links to experimental operations 
such as reinforcement on the one hand and measures of behavior on the 
other, Tolman gives us operational definitions of expectancies and 
demands in terms of observable behavioral and environmental events, 
etc In contrast Lewm begins his theorizing by noting certain very 
general characteristics of psychological events, or perhaps more ac- 
curately characteristic ways of describing psychological events He points 
out, for example, that behavior can nearly always be described as 
having direction , toward or away from some aspect of the environment 
Like other field-gestalt writers he emphasizes the fact that an organism 
may respond quite differently to the same physical situation upon differ- 
ent occasions, and describes this observation in terms of the organism s 
responding to the "environment as perceived” or to a “psychological en- 
vironment” rather than to a “physical environment ” Lewin Proceeds 
from this point by setting up a formal system designed to an e ie 
general characteristics of psychological activity, the terms an re a ions 
in the formal system being either borrowed from mathematics or p lysics 
or invented as needed Then the formal concepts are given coordinating 
definitions m terms of psychological concepts in order to give ie 
empirical content Unlike the learning theorist he does not usually \ 
formal concepts explicitly to directly observable charac ens ics 
havior or environment, but coordinates them to concep s 
various branches of psychology (e g , need, perceive, e c o ^ 

vocabulary used by the layman to deal with in rospec 1 concept 

ate experience To take a concrete example, the impo an latter 

tension is coordinated to the psychological concept 
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certain set oi axioms and rules of inference is to be used in carrying out 
derivations within the theory Regions in the life space are earners oi 
positive and negative valences, these in turn represent fields of psy'j 
chological forces which influence the individual Leeper (9) has suggested 
that regions in the life space should be identified with actual or potential 
activities of the individual, but Lewm does not seem to have accepted 
this limitation It is our impression that one will not go far wrong in 
identifying the regions of the life space with the totality of situations m 
which the individual may find himself By “situation" we mean to in- 
clude both the activity of the individual and also whatever portions of 
the environment influence the activities Then the behavior, or other 
psychological activity, involved m transforming one situation into an- 
other is coordinated with the term locomotion Locomotion may refer 
either to overt behavior or to “cognitive restructuring" of the environ- 
ment, that is, coming to perceive the environment differently Forces are 
the determiners of locomotion Any locomotion is coordinated with the re- 
sultant of the forces acting at the time Presumably m applying the 
theory to behavioral situations we should use knowledge of the surround- 
ings and of the history of the organism to measure the psychological 
forces affecting him The forces acting upon an individual at any time 
depend upon (1) the cognitive structure of his environment, and (2) 
tensions in the individual The first component includes the positive or 
negative valences which available regions of the environment have for 
the individual and also the psychological distance between the individual 
and those regions (psychological distance between regions A and B may 
be thought of as the number of situations or activities which would have 
to be traversed m proceeding from A to B ) , the second component is 
coordinated to the concept need, as we have indicated above 

In some respects Lewin’s system is rather similar in structure to con- 
ventional learning theory, despite the strange terminology In general the 
behavior of an individual is determined by his surroundings and by the 
effects of past experience Certain concepts m the theory can be fairly 
closely coordinated to relevant environmental variables In practice, al- 
though not by formal definition, positive and negative valences are iden- 
tified with the conventional concepts of reward and punishment and are 
handled in much the same way as those terms Effects of more remote 
environmental and physiological determiners are represented in the con 
cept of tension, which has obvious similarities to the conventional con 
cept of motivation Past experience modifies present behavior by changing 
the way in which the individual structures (perceives or interprets) his 
environment, but here Lewin's theory diverges from learning theory in 
including no concept explicitly referring to the characteristic of the mdi- 
vi ual responsible for the way m which he structures the environment and 
in failing otherwise to summarize or conceptualize changes m modes of 
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structuring in relation to relevant features of past experience The con- 
cepts of associative strength or habit strength ha\e no clear analogue m 
Lewin'e theory It is assumed, however, that experience modifies the 
mode of structuring the environment, including the valences of various 
regions of the life space (We do not mean to imply that valences are 
solely a matter of cognitive structure, they are held also to be functions 
of tensions in the individual ) It will be seen that it is quite conceivable, 
on logical grounds alone, that Lewm’s theory might turn out to handle 
the same facts as learning theory In order to ascertain whether this is 
the case it will be necessary to examine certain features of Lewin’s theory 
in more detail with a view to answering such questions as (1) how are 
locomotions and cognitive restructurings linked to observable character- 
istics of behavior, (2) does the system include laws which will enable us 
to predict how an individual will structure a given environment, (3) how 
are force fields and planes of reality linked to experimental variables? 
Only to the extent that these questions can be answered will it be possible 
to evaluate Lewin’s attempt to handle problems of learning and moti- 
vation 


in. STRUCTURE OF THE THEORY 
A Data Language 

Ab we have indicated above we are inclined to emphasize the role of 
what we have called the data language of any scien i c 
language is regarded as literally the foundation o a ieory ’ wor Id 
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logical existence, consciousness, belief, expectation, perceptual field, and so 
on (these examples are from Principles oj Topological Psychology (11)) 
But one cannot, surely, assume that uniform usage of these terms exists 
among psychologists of diverse theoretical viewpoints Statements formu- 
lated in the theory cannot be reduced to statements directly confirmable 
by observation so long as these terms are taken as undefined 
Let us illustrate the difficulties that arise by considering a specific 
example A central theoretical term in Lewin’s topological psychology is 
cognitive structure The definition of this “dynamic concept” given is, 
“structure of the life space corresponding to the knowledge of the 
person” (IX, p 218) This definition puts us in a position to coordinate 
cognitive structure (of the life space) to observables provided that we 
understand the term knowledge “Knowledge” is not defined, however, 
either explicitly or, so far as we can determine, by usage The latter sort 
of definition might be claimed if the system specified some unambiguous 
method of determining an individual’s knowledge at a given time or some 
laws enabling the prediction of an individual’s current knowledge from 
antecedent conditions, but our study of Lewm’s works reveals neither 
How then is the impression given that statements involving the term 
cognitive structure have factual content? The answer is to be found m 
a procedure which seems decidedly out of harmony with the formality of 
Lewm’s conceptualizations Throughout his works countless “concrete 
situations” are interpreted in terms of the theoretical concepts These 
situations are drawn from literature, from various anecdotal sources, and 
from experiments In all cases the theoretician writes from the stand- 
point of an omniscient being who is m a position to evaluate cognitive 
structures, valences, tensions, etc , for the individuals involved in these 
situations without revealing how this information could be obtained m 
any concrete case Take, for example, a discussion of maze learning m rats 

A rat may have found the food for the first time m a new maze It is brought 
bach to the starting point It then 1 knows” that it is possible to get from its place 
to the food, but it does not yet know the path The rat “knows’ the path as 
soon as it is able to decide at each branching which of the adjacent regions 

leads to” the food and which does not In othei words the rat is able to find 
its way as soon as it knows the topological relationships of the regions well 
enough to make the correct decision at each critical point (11, pp 133 134) 

The latent learning variation is handled in the same vein 

If one puts a rat into the maze without food, he gets a chance to “orient” him- 
, w ch means that what is first an unstructured field becomes structured 
insofar as this process of structunzation tends to be complete, the animal will 
+ ,° w * point the relation to the adjacent regions and perhaps also to 
the more distant ones (11, p 134) y y 

The discussion reads plausibly enough, but there are no constraints upon 
e interpreter In “explaining” or “deriving” the results of any given 
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maze experiment one is free to assign to the subject at each stage of the 
experiment whatever knowledge is needed to make the results fit the 
theory. The status of cognitive structure in Lewin's theory is quite differ- 
ent from, say, habit strength in Hull's or reflex strength in Skinner's. No 
attempt is made in the case of cognitive structure either to link the term 
with behavioral phenomena or to incorporate it in laws which would make 
it predictable from antecedent conditions. Neither do we find that the 
concept cognitive structure taken together with other terms in the theory 
generates confirmable statements. There is no way in which the mode of 
application of cognitive structure can be confirmed or refuted in any 
concrete instance. In general, the relation between this concept (and the 
same holds for other dynamic concepts in Lewin's theory) and empirical 
situations may be characterized as follows. The results of any con- 
ceivable psychological experiment can be translated into the terms of the 
theory; it seems to be always possible in any situation to assign knov 
edge, needs, degrees of reality, etc., in such a fashion as to yield a 
plausible representation of the situation. But on the other hand, no 
predictions can be derived from the theory; this is not to say that t ey 
cannot be made, often successfully, by the theorist on the basis o ns 
knowledge and experience. In summary, it is our conclusion t at cogm 
tive structure is a “free floating” concept in that no statement involving 
the term is refutable by experience. We do not mean to say, owever, a 
the term is entirely meaningless. It is quite possible t a cer am ° 
ties in usage of this term have developed among those who have worked 
closely with Lewin; that possibility can have no b ^ armg u P 
criticism of Lewin's formal theory unless such uniformities can be 
fled and incorporated into the system. 

B. Dependent and Independent Variables 

We have been able to obtain from Lewin’s works suppose™ to 
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organism The set of definitions and postulates presented in Lewm’s 
works is not reducible, so far as we can ascertain, to laws relating psycho- 
logical activities to independently manipulate variables For this reason 
we have not found it possible to derive rigorously any empirical predic- 
tions from the theory In practice, Lewin and his followers circumvent 
this deficiency m the theory by tacitly setting certain aspects of the 
theory m correspondence with common experimental operations Thus 
as we have noted above the experimental procedure of presenting rewards 
or punishments to an organism is treated, m discussing concrete situa- 
tions, as the empirical counterpart of affixing positive or negative valences 
to regions of the life space This informal development of coordinating 
definitions in use enables the theorist to give plausible accounts of con- 
crete situations, but with no possibility of having the theory refuted by 
the outcome of the behavioral situation, since the correspondence between 
theoretical and empirical terms is adjusted in accordance with the em 
pineal findings and is never formally incorporated into the system 
Flexibility is obtained at the cost of testability 

C Hypothetical Constructs 

1 Mathematical concepts The labelling of Lewin’s system as “top- 
ological psychology” together with the extensive discussions of geometri- 
cal concepts in Lewin’s works (II, 12) tend to give a somewhat mislead- 
ing impression of the role of mathematics in Lewm’s theory One finds 
that students commonly receive the impression that mathematical disci- 
plines are a part of Lewm’s theory in a sense which is not true of other 
This. y/swi Vfc xtesv&sA Li vs> wvwwVy wukvww- 

tion whether the mathematical and logical apparatus used for derivation 
is considered as part of a given scientific theory or simply as an auxiliary 
device, or tool, used in operating with the theory, but for clarity one 
mow or the other should be followed consistently Whichever view is 
adopted, no essential difference will be found between the role certain 
geometrical concepts could be expected to play m Lewm’s theory, and, 
say, symbolic logic in Hull’s (4) or algebra in Spence’s (17) In applying 
topology, Lew in is simply attempting to utilize a set of formal rules of 
inference and calculation in operating with his theory One source of con- 
fusion for the reader of Lewin’s W'orks is the common practice of using 
the «amc word to designate corresponding mathematical and psychological 
concepts Thus “region” is (1) a geometrical concept, presumably sub- 
jeet to the rules of topology, and (2) a portion of the life space of an 
individual 

A second source of confusion lies in Lewin’s manner of applying 
topolojp Ills application seems in brief to consist m coordinating certain 
concep s o opology to psychological concepts, and then utilizing top- 
o ogicn pnncip cs as guides for the drawing of diagrams “representing* 
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psychological situations We cannot find that he has proceeded anywhere 
to utilize topology as deductive machinery for the derivation of theorems 
which would predict new psychological relationships His mode of repre- 
senting situations seems to have always, and we should judge necessarily 
in the present state of his system, the character of a post hoc reconstruc- 
tion Suppose, for example, we want to construct a “topological” repre- 
sentation of a situation involving an individual at an arbitrary point of 
an unfamiliar maze Since w r e assume the maze to be unfamiliar, the 
individual does not know the location of the goal, G, so the individual 


at the point C and the goal at G are represented (12, p 59) by uncon- 
nected regions Parts of the maze between (physically) C and G are 
represented by an unstructured region which is connected with neither 
(We must of course assume that the individual knows that there is a 
goal somewhere in the maze ) Now we ask whether a blind alley, , 
available to the individual at C should be represented as lying m e 
same psychological direction as G The discussion in the text ma es c ear 
the point that the answer will depend upon the individual’s experience 
in the maze If he has not yet explored L, it must be represented as part 
of the cognitively unstructured region lying between C and (x N 
suppose the individual enters the alley L once and finds that it does no 
contain the goal, should we now change the diagram to specify J * * J' 
chological direction of L with respect to Gt The answer is m e 
If the trial sufficed to change the ind.v, dual’s eogn.t.ve structure, then 
the diagram should be changed But we can asce am w 
tive stecture was actually changed m a permanent [f^nlyjy 
observing further trials There . no rule which would enable ^u to spemfy 
the likelihood that the trial m question will . change th cogn ™ 
ture And once the situation at time t ^adequately repr^cnted (d» 
gramed) the role of topology is complete J ome mathematical 

one symbolizes aspects of a Bltua * ° the mat hematical machinery 
discipline, it is with the purpose of 1 ^ Th]s purpose Is not served 

for derivation of the outcome of the observe the outcome of the 

by Lewin’s procedure, however, for one ^must . observe 

situation before the symbolization can e >c P matlca l concepts in 

We shall not proceed here to pres nt L*™* concepts u6cd Jn tho 
detail A summary of the P™ C T er (9 ) an d the uses and misuses 
system has been made availab e > detail by London (15) It is 

of topology involved have been cri res g[ Lcwm ’ s theory amount in 
our conclusion that the geome " for diagraming selected features 

practice to an elaborate set o P ^ fruitfulness of mathematical 

of psychological situations ® development of psychological theory 

has'not^ heeiT Observable facts (It, P 2.5). 

2 Concepts mainly concern 
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The concepts given under this heading fall into two main categories. 

a. Psychological concepts which are the counterparts of mathematical 
concepts— e.g., life space, psychological region, structure of a region, 

boundary. v , , 

b. Concepts which are apparently intended to provide a close mu be- 

tween the theory and the empirical domain— behavior, environment, loco- 
motion, person, situation. Close inspection of these terms reveals the 
appearance of explicit empirical reference to be illusory. ^ 

Behavior is defined as “any change in the life space’'', life space as “the 
totality of facts which determine the behavior [B) of an individual at 
a certain moment”; environment as “everything in which, toward which, 
or away from which the person can perform locomotions”; locomotion as 
change of position (in the life space) or change of structure (of the life 
space) ; person as “a differentiated region of the life space”; and so on. In 
no case do we find anything even roughly approximating an operational 
definition. 

3. Dynamic concepts. The dynamic concepts are in general one step 
further removed from observables than those considered under 2. These 


concepts are not supposed to be explicitly definable in terms of data 
words but should be coordinated to other concepts in such a way that 
statements involving them can be confirmed by observation. 

It will be impractical for us to review all of the dynamic concepts 
explicitly. Even a complete list is formidable; examples are force, tension, 
valence, barrier, rigidity, reality, weight, friction, elasticity, fluidity, 
plasticity, accessibility, communication. Many of these terms are taken 
over from physics by presumed analogy between physical and psycho- 
logical situations and are not developed in detail in Lewin’s works. Cer- 
tain others— e.g., reality — carry meaning by connotation or metaphor 
and are used in such a flexible and literary fashion that the present 
writer has great difficulty in coming to grips with them. We shall select 
for detailed examination a small number of the dynamic concepts, those 
which are most used in illustrative derivations in Lewin’s works and 
which are most familiar to the general reader— force, valence, and ten- 
sion. These concepts seem to have an importance in Lewin’s theory com- 
parable to reaction potential, reinforcement, and need in Hull’s or 
purpose, goal, and cognition in Tolman's. In order to clarify the method- 
dogical status and the functions of dynamic concepts in Lewin’s system, it 
will be necessary to examine the definitions and the formal interrelations 
of these concepts and to evaluate the possibility of confirming statements 

0 ^ s ^ rc 0 °S lca ^ f ac t derived from postulates in which the concepts 
nppear. r 

Lcwm has noted frequently (e.g., 12, p. 82) that a definition of a 
construct must contain “(a) the conceptual properties of the construct 
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and ( 6) lts coordinating definition » Let us examine the definitions of 
tne three concepts under consideration 

Force is assigned the following conceptual properties direction, 
Strength, and point of application (12, p 83) The coordinating defim- 
tion is 


Defirntjon If the resultant of psychological forces acting on a region is greater 
zero, there will be locomotion in the direction of the resultant force, or the 
structure of the situation will change so that the change is equivalent to such 
a locomotion (12, p 85) 

Valence is defined (12, p 88) as a region m the life space of an indi- 
vidual which attracts or repulses this individual If a region has a positive 
or negative valence, then the resultant force acting on the individual 
has a direction toward or away from that region respectively A valence 
tnay thus be coordinated to a “force field” and this in turn to locomotion 
Tension refers (12, p 98) to the state of a system (region?) of an 
individual which tries to change in the direction of equality to surround- 
ing systems and always involves forces at the boundary of the system 
in tension We infer that “system” is synonymous with “ region ” since 
only regions have boundaries Tension is coordinated to the psychological 
concept of need, 


As the coordinating definition of tension one can use the following statement 
Hypothesis Whenever a psychological need exists, a system in a state of ten 
sion exists within the individual (12, p 99) 


It is specified that the empirical facts to which the definition refers are 

those acts ot behaviors which are generally recognized as a syndrome indicating 
a need (12, p 99) 

It is added that the concept of need will have to be replaced eventually 
by some “more precise behavioral symptoms for tension (12, p 99) 
These coordinating definitions contain the key to one of the enervat- 
ing deficiencies of Lewin’s theory In every one of these cases, and the 
same is true for the other dynamic concepts, the concept is coordinated 
to a psychological concept which refers to some aspect of behavior, never 
to independently man.pulable vanables or independently observable 
events This means that in any situation the dynamic concepts imolved m 
an instance of behavior can be evaluated only after the behavior has 
occurred For example, a locomotion will occur m the direction of a result- 
ant of forces, but one can ascertain the magm ude and direction of a 
resultant of forces only by observing the locomotion 


D Relations Among Constructs 



336 


MODERN LEARNING THEORY 

and (2) relations postulated by the tbeonst, presumably m accordance 

•with empirical facts _ , , 

Examples of the first type are the relations between force and valence 

fpg = F(Va(0)/t ! PO ) 

where f is the force impelling the individual toward G, F is some func- 
tion, Va (G) is valence of G, e P o is the psychological distance between 
the person, P, and the goal, G, and the relation between force and tension 
which is said (12, p 222) to hold “aside from other factors ” 

t = FU) 

t being the tension, F some function, and f the force 
An example of the second type is the relation between valence and 
tension 

Va(G) — F{t,G) 

To illustrate Lewm’s use of these concepts m a learning context, let 
us consider his handling of the Skinner type conditioning situation as a 
method for measuring strength of drive 

Topology of consumption — 'With rats as subjects, Skinner (1937) investigated 
the following situation Every tapping of a lever produces a small amount of 
food Skinner found that the frequency with which a rat taps the lever within 
a time unit decreases as the animal approaches satiation 


©w 


The topology of the situation is given m Fig 44 The animal starts from the 
region A which represents its present state of activity It might tap the lever L 
and reach the food 0 The amount of food is small Therefore, after consuming G 
the animal will find itself in a state which is approximately the same as that 
before tapping the Icier In other words, it will be again m a region A 
After scieral dajs of experience the cognitive structure of the situation will 
ha\c somewhat changed The animal knows that tapping the lever will 
produce food Therefore, after consuming the food G 1 reached by the first tap- 
ping of the Icier (L 1 ), the animal finds itself m A but can proceed immediately 
to the second tapping of the lever lr, irom there to G-, A, L 3 , G 3 , and so on 
(It might be appropriate to eliminate the regions A in the representation of at 
least a certain penod of the experiment) The driving force in this situation is 
probably determined bj the valence Ffl(G) of the total amount of food the 
animal expects (G = G 1 + G- + (P + ) This amount is not limited There- 

fore tuc amount G ahead of the animal can be considered as practically the same 
during the whole experiment Al*o the distance (e Pa ) to the next food and to 
(° < l) r « t °* *°°^ a lcac * can considered as being constant According to 
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sSered tTLlV^i 0 ~ c ? nstaIlt Therefore, the dnvmg force f F0 can be con- 
decreases dlnag ° f G ^o = F(Va(G)) which 

umt decre!«r er ,i, f0 . U l nd , that tho fr , e< ! uenc y of ta PP“S ‘he lever within a time 
of tin™? S 7 th the decrease m hunger (t) One can consider the frequency 
amma7mi t o h !i, eVer o 1 ' 1 3 tme amt as tbe floaty v AL n 0 n with which the 
thpi l 1( J PS trough one group of regions A t L n ,G n Skinner s observation can 
men be expressed by the formula 


(Ex 24) v JjL n, a n = F(() 

mnt V ff 0C i >ty Vjl L ”’°” re!ets ta ‘ho total time which the animal needed for "tap- 
P S the lever once, consuming the food received, getting ready to tap the lever 
. e , next . tirne ” The time necessary for actually tapping the lever is probably 
er short and relatively constant Therefore the difference of velocity is prob 
a . ¥ m ainly a difference in consumption and getting ready for the next tapping 
of the lever 

r e$ult (Ex 24) of the experiment can be derived from the theory that 
the valence of the goal G, and therefore the force in its direction, is a function of 
the need of the individual 


\lAo\ = F(Va(G))=F(tG) 

and that the speed of locomotion is a function of the resultant force in its 
direction 

(}vso = F(\f*Aoi) 

For, the restrammg force offered by the tapping of the lever prob 

ably can be considered to be relatively constant (and not very great) as soon as 
the animal is familiar with it We have already mentioned that the driving force 
fp o = F(Va(G)) Therefore, the resultant 

fpa + fifli—ifl = i*po~ F(Va(G ) ) 

If one applies these formulas m our case, one assumes that the velocity of con 
sumption v(cons) can be viewed as one type of velocity of locomotion That 
means that formula (33) can acquire the form 

(Ex 25) vfconsJpo — FCl^Pol) —F(t) 
in case the other factors are kept constant Skinners results are fully in line with 
the^e deductions (12 pp 141 144) 

It is clear that this experimental situation, typical of those which 
have been the primary concern of learning theorists, can indeed be ver- 
balized in Lewin’s terms It seems entirely likely that an> learning situa- 
tion can be described in these terms It should be noted, of course, that in 
each new case, as in the illustration just quoted, new coordinating defini- 
tions must be set up as needed (eg, the coordination of velocity of 
locomotion to speed of bar pressing) It is necessary to look more closely 
at the “deduction” that the rate of bar pressing is a function of the 
drive (tension) First we note that the learning involved is accounted 
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for by the statement that after several days of experience the animal 
knows that tapping the lever will produce food. This statement must have 
its basis in the omniscience of the theorist, for it is certainly not derivab e 
by logical (or topological) techniques from Lewin's concepts. The ani- 
mal’s knowledge must be inferred from the fact that the animal does 
come to press the bar rapidly; whether and at what pace a given animal 
will acquire this knowledge is unpredictable. The remainder of the deriva- 
tion depends upon the “possible assumptions” (12, p. 135) that speed of 
locomotion is a joint function of the resultant force impelling the indi- 
vidual and of the construct h which represents the totality of other 
factors (e g., means of locomotion, characteristics of the path) which 
might influence speed. 

Several conclusions can be drawn from inspection of the dynamic con- 
cepts in use. (1) Any conceivable outcome of a bar-pressing experiment 
could be “deduced” in the same way as the result just cited, so there is 
no ground for claiming that the theory is confirmed by this sort of applica- 
tion. (2) The “deduction” yields no statement about relations among 
observables; the end result of the derivation is the virtually empty asser- 
tion that velocity of locomotion is some function of tension, i.e., that 
two theoretical concepts are related in an unknown manner. (3) In order 
to carry out the derivation at all it was necessary to introduce new in- 
formal coordinating definitions and to bring in assumptions involving 
metrical concepts. All in all we find here no very strong testimonial to 
the fruitfulness of topology or hodology in mediating theoretical accounts 
of learning phenomena. It is possible of course that we have merely 
selected an unfortunate example. It is our opinion, however, that this 
illustration is characteristic of the Lewinian mode of accounting for 
learning phenomena. The interested reader is referred to Lewin’s mono- 
graph (12) for further illustrative material. 


E. Lcwiris Treatment of Conventional Learning Concepts 

In order to be sure that we have not overlooked important ways in 
which Lewin's system might contribute to a science of learning, we shall 
round out our examination of the system by considering briefly Lewin’s 
only publication devoted explicitly to learning theory— his chapter, 
‘Field Theory and Learning,” in the 1942 NSSE yearbook (13). 

The critique of the conventional learning concept which opens this 
chapter expresses views surprisingly similar to those of recent learning 
theorists. He points out that “learning” is “a term with many meanings 
v! 1 1S - Uf t {13, p. 219). In the vernacular and in some 

psychological writing “learning” is a popular term which “refers in a more 
or c.s % ague waj to some kind of betterment.” In earlier psychological 
s ems earning seems to have been thought of as a unitary concept, the 
process w nc i ogether with the complementary process of fatigue ex- 
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plained any change in behavior. Lewin notes that in practice the term 
learning is used in reference to man} 7 different phenomena and that there 
is no adequate theoretical justification for thinking of these empirically 
diverse phenomena as manifestations of a single underlying process. 

Sometimes, wo hope, psychological theory will be so advanced that as in modem 
physics, a few very general formulae will pernnt the deration of most psy- 
chological phenomena. However, a science cannot reach ““ certain 

having developed more specific laws, each representing the nature of certain 

types of processes (13, p. 220). 

This is a remarkable statement coming from the author of the not par- 
ticularly modest topological and hodologmal systems. &nce it was wn to 
several years after the publication of those systems, one may sp culat 
that Lewin might not have found much room for disagreement with the 

principal conclusions of our critique. number of 

Within the area generally called learning, Lewin proposeB a numb 

distinctions: (1) learning as a chs - cognitive^ 

knowledge); (2) learning as a change m be]ongjngness or ideo Iogy; 

i™en“ a oMev 8 elo P in E g vohintaiy control of the body 

system. (1) Differentiation of unnurtured he knows n „ thing about it. 
considered unstructured for an ln ™ structure may be diagramed 
Lewin shows how changes in 8?^^, learoing his way about in 
by means of the illustration system provides a rich vocabulary 

a new town. It becomes clear ,, knowledge at any point. The 

for describing the state of the m i ^ the case 0 f Tolman's cognitive 
difficult problem for the uninitiated, t o know what the individual 

maps, is that of ascertaining 0 writings, Lewin does not make a 
knows. In this paper, as m b« how we are to infer the 
serious attempt to deal with the ^ questmn i ^ how ch in 

individual’s cognitive at ™ c ‘ ur , e .^“ a nges in behavior. One of the pnncu- 
cognitive structure are reflecte - once pt g of differentiation is that it is 
pafadvantages claimed for the ^mental and familiar notions 

basic biological concept related units of m ore specific character 

as the subdivision of the egg be that taking over a term fro 

(13 p 226). The reasoning 8< * m , blishes a theoretical relationship. 

another discipline automat.cal^^ahhshes^ ^ of learning 

(2) Restructurization. It is < > f rcgions into smaller uni s. Some- 

can he regarded as the differentmtami^ ^ without chan ge in degree 

j. «. — ~ «* “ 
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(13 p 227) His answer is that the cognitive structure of the situation for 
the" child changes so that the goal has a new “psychological direction 
with respect to the starting point. It will be seen that here, as in many 
other situations, Lewin poses and solves a quite different problem t mn 
would a learning theorist. The latter would be more apt to ask what 
conditions make the solution possible or impossible, hard or easy for 
the child, and then to depend more upon the laboratory than the drawing 
pen to make progress toward handling the problem. 

The section on learning as change in valence and values begins with a 
resume of Lewin's views concerning reward and punishment. The treat- 
ment of conflict situations involving reward and punishment seems to be 
an advance over traditional law of effect thinking. Lewin emphasizes the 
necessity of analyzing the situations to ascertain the conflicting tenden- 
cies set up in the person, the barriers necessary to keep the individual in 
the conflict area, the role of threats and promises. Unfortunately, as in 
other areas, Lewin’s “topological” diagrams of typical situations give an 
impression that all is understood, and it may be this illusion that has 
deterred workers in the Lewinian tradition from conducting many of the 
researches that would be needed to relate conflict behavior to experimental 
variables. In the remainder of this section it is pointed out that valences 
change with experience and that the factors which determine level of 
aspiration are important for learning. 

In summary, it may be said that the article is illustrative and critical 
rather than constructive. Lewin makes the points that “learning” denotes 
a loosely defined class of diverse behavior changes, that learning in the 
child involves processes referred to in everyday speech by such terms as 
“organization” and “meaning”; that likes and dislikes, interests and 
aspirations are learned as welt as simpler responses or skills. His construc- 
tive effort is limited to emphasizing problems which learning theories have 
not mastered and pointing out the variety of psychological processes and 
cnusal conditions which must be taken into account in attempting to 
understand and modify human behavior. In many cases this pointing up 
of problems and guessing at significant causal variables strikes one as 
extremely shrewd and penetrating and likely to lead to fruitful extensions 
of learning theory. It is well to keep in mind, how T ever, that recognizing 
problems is not the same as solving them. Lewin has pointed o°ut de- 
ficiencies in existing theory, but he has not constructed a theory that does 
handle complex learning processes. This feature seems to be characteristic 
of the gestalt and field theories in general. The theorists are typically 
acute observers with strong orientation toward everyday life problems; 
they provide a running barrage of criticism which serves to keep their 
colleagues up to date on the inadequacies of associationism and which 
may upon occasion have the effect of instigating learning theorists to 
extend their slower moving, experimentally geared theories to new areas. 
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CONCLUSION 

In summary, how can wc evaluate claims that field theory offers a 
more fruitful approach to the problems of learning than the systems we 
have termed collectively learning theory? About the field approach in 
general we have little useful to say, for it has proved difficult to define 
satisfactorily. Most of the alleged methodological and conceptual Bum: lan- 
ties between what are called field theories in psychology an re 160 
in physics hnvc proved evanescent upon close examina ion, an 
can be said for many of the alleged differences between e an n 
theories in psychology. One of the most genera y accep e 
theoretical approaches value in directing research, is hard to app » 
this instance None of the so-called field theones have bendevekpedm 
conjunction with programs of experimental research upon 1“ ihen 

cally the field theorists have developed their ^ systems m div - dend 

have attempted to collect the psychology of learning ss 6eemg 

without much additional investment. The measure g..^. Koffka, 

to depend upon the criterion adopted, rom | interpretations of 

Hartmann, and Lewin one would Bath- that 

learning are demonstrably superior ■ ^ wou[d conc lude that if this 

literature on learning, on the othe » learning have had the 

view is correct, then the most "^^££3. to clear up 
least influence upon research. Since ieg we have attempted a case 

this disparity at a level of broa g ^ el ' a b 0 rately developed of the 
study approach. Lewin ssyste > for this purpose and its struc- 

psychological field theones, wa - ana Iyzed in some detail in these 
tore and mode of operation ha 

pages. . , understandably been of considerable 

Lewin’s theoretical enterprise . ts and soc j s i scientists. There 

interest, even fascination to psy no t inconsiderable influence, 

seem to be two main sources for Lew conjunction w jth a well-known 
First, his theorizing was earn aD d roup behavior. Second, 

program of research “P® of relative ttoojy, P*op» 

Lewin capitalized upon her — whotes^e apph^on^of 


win capitalizea upon , 

ing to revolutionize psycholog and methods or pnyswa. 

what he conceived to be the concept* principal works 10 

A casual or hearsay acquaintance that the revolution has 

11, 12, 13) could ea ® ly „ r ^ U toBO i og ical steamroller seems to have ’ 
already been effected. , ps y C bology, either crushing or g 

roughshod over the whole field P^® rea(jer . g )ed to wonder 

riz n all varieties of “^-"ground^ .earning, motivation, conflict 
how a theory could cover bo much ^ ^ timej d examines the 

child development social Proces^ ^ ^ operated mider the re 

system in detail, e 
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straints accepted by most other theorists. Where most learning theorists 
consider successful predictions of behavior to be the principal test of a 
good theory, Lewin’s system requires only an “adequate,” according to 
the theorist, description and symbolic representation of a situation. 
Lewin’s rationale for this unrestrictive methodology lay in his interpreta- 
tion of the field concept. He frequently criticized other psychological 
systems for depending upon an outmoded view of causality which led to 
explanations of phenomena in terras of forces or other entities lying be- 
hind the phenomena, and held that the problem of explaining a phe- 
nomenon ended when the situation in which it occurred had been fully 
described. In practice this view was pressed so far that Lewin and his 
followers threw out not only the demons but also the predictive laws. 
Contemporary learning theorists (e.g., Skinner, Tolman, Guthrie, Spence) 
differ from Lewin, not in postulating underlying entities to explain be- 
havior but in seeking functional relationships between observable aspects 
of the behavior and observable antecedent conditions. 

The main conclusion from our analysis of Lewin’s methodology is not 
that field theory has been found unsuitable in the treatment of learning 
but rather that the issue is still open because Lewin did not construct a 
field theory. By carrying over into psychology some of the verbal phrase- 
ology of physical field theories without the mathematics, Lewin has given 
us a facsimile of a field theory which resembles the real article in much 
the same way that a masterpiece of taxidermy resembles a live animal. 
Lewin’s system looks like a field theory but it does not work like one. 
There seems to be no room for disagreement with Lewin’s contention 
that in a field-theoretical representation of a process the events occurring 
at any instant depend upon the state of the field at that instant, but it 
is equally pertinent to emphasize that the same mathematical formalism 
that characterizes the field also prescribes how the field changes with 
changes in independent variables, and thus permits predictions and 
experimental tests of the theory. The fact that predictions from physical 
field theories have frequently been confirmed by observation may not be 
unrelated to the fact that the field theories did not appear on the scene 
in any area of physics until after considerable bodies of well-validated 
descriptive theory had become available. It may be necessary to wait 
patiently for the same chronology to run its course in the behavioral 
sciences. 

. E ™ n though Lewin may not have succeeded in revolutionizing learn- 
ing theory, he has contributed criticisms and discussions of method that 
will probably influence its course of development. By injunction and 
example Lewin emphasized that elaborating the properties and interrcla- 
i°ns ups o eoretical concepts is as important for scientific progress as 
providing operational definitions. At the same time, although possibly 
not by intention, Lewin illustrated the point that however well a theory 
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has been garnished with the latest methodological devices, it will not be 
incorporated into the body of a science if its concepts are not securely 
linked to a body of observational data 

Upon concluding our review of Lew in’s system m relation to learning 
theory it may not be out of place to ask what we have accomplished by it 
Literary critiques of theories probably have little to do with the progress 
of a science The experimenter rather than the critic is the final arbiter of 
the -value of a theoretical contribution In the case of Lewin’s system in 
relation to learning, the verdict of the laboratory seems fairly clear 
Lewin’s theory has not been taken up by investigators of learning, and 
new theories now’ under development are quite different in character from 
Lewin’s Is there, then, any value in a formal review of the theory? 

It would seem that the most important excuse for a formal critique is 
that it may contribute something toward the development of more ade- 
quate standards for appraising theoretical work As the concepts used 
m our theories improve, so should the concepts we use m ta ing a ou 
the theories, the point being not to judge dead theories more accurately 
but to exhibit better craftsmanship in constructing new ones In e 
Dartmouth conference we tned to bring together and organize somewhat 

aspects of contemporary theories 
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INTRODUCTION 

G OT h RIE is customarily included 

is frequently distinguished fr0 “ ' ' ’ “ontjguity principle.” The following 
to his adherence to a form of J* th( Sf e characterizations. Neverthe- 
account will show the reasons fo formulated a theory 

less, it may be said of Guthrie thathe h- ^J sMemeDts that serve 
of learning; rather he has put discussion of learning problems, 

as principles around which he ui of h is theoretical papers, but 

These statements are the recurren b ^ him Jn any detail, 

they have not been systematically analyzed fruitfully under the 

Guthrie’s work cannot, therefore £ this volume The 

rubrics feasible in the case of other ^ - n order to c i anfy 

broad outline followed here may be given 
the course of the discussion. 

. titudea toward science in general, and 
I. Guthrie’s orientative attitude^ 

toward psychology m P his theo ry starts, namely, the de- 

ll. The data language from w featured in his treatment of 
pendent and independent varia 

learning. and some applications of the i theory- 

ill. The theory’s construe y contrib utions to the area of learning 
XV. An evaluation of Guthrie 

theory- 3 45 



346 


modern learning theory 


I. ORIENTATIVE ATTITUDES 1 

A. Orientation Toward Science and Psychology 

1 Science is based upon information that is “public” in the sense of 
being accessible to, or acceptable by, all observers In this sense, science is 
“founded on an interest in fact” (22, p 2) and seeks to order or arrange 
facts These “facts” are not equivalent to “nature” but rather to descrip- 
tions of nature acceptable by any observer, they are certain statements 
about events or objects that all can agree on — they are the “basis of 
hu man cooperation” (22, p 1) in science “There are no absolute 
facts, and a universe without men and human discourse would be a 
universe without facts” (22, p 1) Facts are addressed to an audience, 
and get their existence from the acceptance of hearers Thus, the facts 
that men accept will determine their scientific theories, and, reciprocally, 
the theories of men may determine what observations they will make and 
accept as facts 

2 “Science cannot deal with unique events Only in recurring events 
can we discriminate between mere antecedents and necessary and sufficient 
antecedents” (10, p 194) A scientific “explanation of any event consists 
in stating the rule or generalization of which the event is an instance” 
(10, p 12) Scientific psychology must go beyond the common sense 
explanations which often rely on “the act of an agent” (10, p 13) as the 
causative factor, since “knowing that an event is an act of an agent does 
not give the rule of the act unless we know the ways of the particular 
agent” (10, p 13) 


Scientific explanations all have much the same form They state the rule of 
which the event in question is an instance A state of affairs which we may call 
“A” (for “antecedent”) is followed in a certain proportion (say x per cent) of 
the cases observed by another state of affairs “C” (for “consequent”) If the 
law has to do with the degree or quantity of some state instead of merely with its 
presence or absence it would read State "C ’ is a certain mathematical function 
of state “A,” or C = <J>(A), with an observed error of estimate, “z ” 

In such a law both the antecedent and the consequent may be anything what- 
ever, provided that it is observable, descnbable, and recognizable The conse- 
quent, “C,” will be something which we are interested m anticipating or pre- 
dicting, the antecedent, “A,” will be anything that can conveniently serve as a 
earning of C The rule itself, if it is to qualify as scientific, must be the Tesult 
or carnation of ca«es of “A” and of “C” and it should be verified by further 
ob'cnation after it has been formulated (10, pp 13-14) 

from Gtotwl' be >» ‘wo nji (I) for direct quotations 

"'“'r te! "'nce citations will be given and (2) lor 
krlv rhtMC ? . WhlCh nre Uscd wlth « Guthnan connotation Particu- 

L'rr to r attitude, however, we have often found it ncces- 

Xe wr.™r ^mn,it,„g C “° d " ^ U ^ 



347 


EDWIN R. GUTHRIE 

3 Science, in its attempt to arrive at explanations, relies upon analysis^ 
In psychology, the “flow of behavior" is always “confused and intricate, 
(10, p 9) and “infinitely complicated” (18, p 22) "We cannot record or 
control all the conditions under which our experiments are made, or record 
all the details of any sample of behavior” (10, p 10) Thus, Guthrie re- 
gards as trivial, albeit indisputable, the Gestalt assertion that behavior 
is always a response to a total situation” (10, p 19), since any attemp 
to predict from, or form a scientific rule to cover, a "total situation is 
hopeless This hopelessness arises partly from (a) the fact that total 
situations (including an organism's previous state and responses) are 
never repeated and cannot be reconstructed, hence are unique, an 
the fact that total situations arc not recordable in their entirety ' What w 

must do, is to “select certain outstanding and conspicuous pa s 

stimulus situation and keep some record of their consequences , 
Similarly, on the response side, "total behavior” is not recordable and is 
always unique, hence it is not useful in arriving a a scicn 
tion leading to prediction We must select a 

of behavior which will be a practical and useful C ternl .n the expla. 
formula C = fU) Thus 

duplicate of the original behavior, b .mnortant” (10, p 31) 

like the original behavior to mate e ' 6en P s ^of acceptable statements about 
So long as we stick to facts in th , lus aIK j response terms 

events, our analysis leads to scientific t science He holds 

4 For Guthrie, theory is of central importance any 

^ They enable men to confront new 

theories are the basis of working , c ° furthermore, theories are required to 
facts and deal with them successf y ^ that en dure not facts Events 
direct the search for relevant be ephemeral It is theory that 

are ephemeral and their dead options 1 1 so ms iy l ^ fact that fcads to new 

lasts for years or for generations It is theory mferences can be made and new 
controls over nature and events F th ty nd temporary Their apphea- 
applications devised Facts are likely to 
tions are limited (22, pp 3 ) 

Furthermore, ccieDce ) two things 

(to make progress in developing P^*°^ sly produced and continuously 
are neces^ One® is that theory be of fact The other is that 

which recognition of even o ^ mncr cmb crs of » ' “ d „ nsl ,|,| f „„d 

Fa^may a< 3 ^ ^ 00t “ 

of little profit in the end Thcon 
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fact but in opinions and interpretations acceptable only to the 
limited faction, but they will be bad theones Schools flourish only when theone 
are not earned back to public facts Unless psychologists maintain an interest 
in general theory the fields of psychology will increasingly become independent 
collections of undigested information (22, pp 19 20) 

Guthrie acknowledges, however, that some facts can be useful without 
being ordered into a theory Such would be various types of chemo- 
therapy in medicine, or metallurgy m the hands of a blacksmith In these 
cases, the absence of theory eliminates the chance for generalized knowl- 
edge, hence for extension and extrapolation to other, and perhaps novel, 
uses 

5 The aims of science are prediction and control Thus 

Scientific explanations have placed upon them at the start a severe restriction 
They are directed at the prediction and control of natural events (10, 
PP 12 13) , 

The laws of learning are attempts to explain certain features of numan ana 
animal behavior Like all other scientific laws, they make possible the anticipation 
of natural events from other events which serve as their signs or warnings And, 
as with other scientific laws, their validity is measured by their success m pre- 
diction in instances other than those on which the generalization is based An 
event is explained when it is shown to be an instance of such a law or generaliza- 
tion (6, p 125) 

6 From the foregoing sections, which are applicable to science in 
general, including psychology, we may extract, and perhaps add, a few 
of Guthrie’s thoughts regarding psychology in particular 
a There are certain things to be avoided in formulating psychological 
laws or constructing psychological theories 

(1) The laws are to be based on observables This rules out physiologi- 
cal or neurological constructs, subjective determiners, etc Thus, “The 
laws of science describe the observable conditions under which certain 
classes of events take place” (10, p 187) “A great deal has been made 
of (the) theory of the brain as a dynamic electrical field in which any 
change in detail alters the whole pattern The theory is quite safe, of 
course, from experimental verification or disproof by any technique so 
far developed and as an attempt to state the circumstances under which 
action or learning occurs it is quite useless because it calls on unobserv- 
able determiners” (10, p 195) Similarly, Thorndike’s assumption con- 
cerning the synaptic basis of S-R bonds “is a highly speculative and quite 
unnecessary assumption” (10, p 152) The same point is raised con- 
ccming un aps contention that the determining conditions of learning 
arc thoughts, desires and ideals” (10, p 143) Guthrie comments that 
the»c arc accessible only through the media of speech, gesture and other 
physical actions b 

For Guthne, only the observable conditions under which learning oc- 
urs are o any use for a theory or for an understanding of learning, and 
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when these are described, the theory is already complete. His views of 
learning are independent of any special theories of the physiology of the 
nervous system. 

(2) The primary interest of psychology cannot be in the utility or out- 
come of behavior, that is, not in teleological laws. This, he feels, is the 
error committed by the psychologists who deal with law-of-effect or rein- 
forcement learning. “We must know how learning occurs as well as know 
what it accomplishes ” (10, p. 240). More will be said below on Guthries 
attitude toward law-of-effect learning. We may note that he believes the 
description of learning in terms of outcomes may be i m P° an in 
practical way at some times; and that he also believes t a e avior as 
referred to effects can be predicted with some “crude” certainty. 

Guthrie clearly feels that law-of-effect principles of learning should be 
derivable from primitive statements of conditioned doings-after all, h 
argues, an animal is wired nerve-to-muscle, not nerve- o-e ec , ^ 

prediction is better on the basis of doing s (i.e what the 
done) than on the basis of teleological princes like ^ 

After all, an animal may also learn to do self-harming t ttogs. No hat 
effect principles are wrong; Guthrie believes they cannot and. do not c 
tradict empirically more basic laws but they ead to d.fferent la^ one 
which may not be as fundamental or useful for the prediction 

control” of behavior. , /.nntrnl” of behavior, 

b. While science aims at the pre 1 V°*V i: - ts upon the achieve- 
the nature of psychology’s i subject “^protoibility of a previous situation 
ment of both these aims. Thus, t P respon se exactly (in the 

is never perfect; hence we cannot controUhe * P^ ^ predict tho 

sense of getting the exact resp ]ack q{ repr0 ducibility arises from 

exact response that will be ma . ^ g response , the organism can 

at least two considerations ( ) with resp ect to the physical 

never return to exactly the c :+ im fion includes the response made 

environment; and (b) the previous a ]^ ers the situation by adding its 
in it, and every new response «*»*“*[ ^ never be completely rccap- 
own stimuli so that the prior resign himself to the fact that no 

tured. Thus: “The psychology e3 ted The second repetition of a 

psychological event is ever rea y P purposes equiv alent to the first; 

stimulus is only roughly and P bstan ti a lly or approximately the same 

his laboratory subject is only b since that time he has slept, 

person who sat in the chair ° y this w iU alter his response no matter 
eaten a little, learned a ll « le ’ k ^ t0 hnve conditions the same. 1.0 two 
what precautions have been tak “ h a mazc , two conditioned salivary 
responses are ahke. Two P ^ samCj bu t they arc always the same 
reflexes may be Bubstan k f this indescribable complexity of even 

ESS — of — wc cfln ntt 
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only probabilities to expected events and the probabilities may be very 
slight Our comfort lies m the fact that even slight probabilities m the 
expectation of human conduct may be better than complete ignorance 

(10, pp 10-11) . 

Predictability is, therefore, a matter of probability The error ol 
estimate in our psychological laws, C — j (A) , arises because, first, we can 
never know everything about (A), and, second, the very response itself 
changes (A) so that it is a jorienon unique and non-recurnng Thus, 
predictability, and the possibility of control, will forever be less than per- 
fect, both for individuals and for groups 

7 Specifically with respect to learning, Guthrie feels that this is a 
central topic of psychology, since so much of what we want to know in- 
volves shifts, changes, and recombination of the behavior of organisms It 
is not all of psychology, certainly, but by taste and conviction, Guthrie 
holds it to be one of the fundamental fields of psychological inquiry He 
writes "I have already expressed the opinion that learning and motiva- 
tion represent the two fields most fundamental to an understanding of 
behavior and thought” (22, p 9) 

Guthrie does not attempt a single-statement definition of the term 
“learning ” He does, however, try to indicate what behavioral phenomena 
he is interested in accounting for, and these he takes as defining the 
scope of learning Learning consists in behavioral change, in modifications 
of behavior following behavior, m responding differently to a situation 
because of past responses to that situation 

Yet, "Learning, as so defined, does not include all changes m behavior 
tendencies’’ (10, p 4) Thus, fatigue and sense organ adaptation are not 
to be included as learning, since they are "transient changes (that) 
disappear after brief intervals through physiological processes” 
(10, p 4) Guthrie prefers a definition of learning based on the lasting 
cficcts of practice, since he believes these effects are permanent except as 
they are altered by new learning In the end, the problem becomes one of 
deciding what changes resulting from what situations we want to account 
for In bis words 


Learning will be understood as change rather than as improvement Our task 
is to understand the circumstances under which learning takes place and the 
nature or the changes that it imohes Our method should be to survey the 
experimental work on learning and to review what is common knonledge of 
learning and to try to dreoaer any generalizations that can bo made from our 
suraea Can nc find any rule or uniformity in the phenomena? Can we describe 
ana circumstances which regularly hare a certain kind of outcome? Does the 
UrTl S ™ b?? 0n ° j nd ,° r hls,or > afterward tend to do certain things? 
tX place? ™ - do th « changes an behavior are cal! learning 


\\ lint Guthrie’s render emerges with is a 
the theorist’s interest 


sort of denotative definition 


of 
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B. Some Comments on Guthrie’s Orientative Attitudes 

Before proceeding to a d.scussion of the data language m Guthrie’s 
system, let us return to several points raised in the preceding discussion 
iijese points, while not chosen at random here, still represent only a 
selection and do not exhaust the possible starting points for methodologi 
cal argument 

For example, we have seen that Guthrie believes scientific explanation 
of any event to consist of “stating the rule or generalization of which the 
event is an instance ” It is these rules or generalizations that constitute 
scientific laws Thus, laws are inductive, rather than deductive, general- 
izations Moreover, “the laws of science describe the observable condi- 
tions under nhich certain classes of events take place ” From this reason- 
ing, it is not clear what Guthrie’s intention is when he characterizes his 
own central principle of conditioning (that of association by contiguity 
m time “stimuli acting at the time of a response tend on their recurrence 
to evoke that response”, 8, p 199) as a “scientific law ” His principle of 
association could be considered a descriptive generalization only if we 
invoke the broadest possible meaning of “tend” (see footnote, page 363), m 
which case stimulus and response might be regarded as data words A 
later discussion, however, will attempt to show that it is truer to Guthrie's 
view to consider this “principle” as a postulate involving stimulus and 
response as construct words 

Second, Guthrie also regards theory as a mnemonic device on which 
facts may be strung for easier remembering or for easier teaching to other 
people B*y this cnterion, there would be no reason why the theorist could 
not tailor his theory to his audience, w order to suit its mnemonic value 
to their memory span That this is not, indeed, wholly foreign to his in- 
tention is indicated in this passage 

Professional explainers regularly forget that there are two parties involved in an 
explanation, the one who offers the explanation and the one at whom it is 
directed An explanation that does not make clear the event to the person seeking 
information is no explanation at all It is not the explainer who must be satis 
fied but the listener (10, p 12) 


And again in this passage 

Explanations are, after all statements addressed to persons and it is quite pos- 
sible that an explanation that does not explain to the person to whom it is 
addressed is no explanation at all and the hearer is quite withm his nghfc m 
refusing to accept it It is also quite conceivable that there may be more than 
one good explanation of the same event Different hearers may have different 
requirements, and the same hearer may have at different times different uses for 
an explanation No listeners can nd themselves of their cultural backgrounds or 
the limitations of their linguistic repertoires Absolute and final ^nations 
could only be addressed to celestial and timeless beings (6, pp 124 125) 
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From such passages it is not clear what has become of the idea Guthrie 
expresses elsewhere that an explanation is a general inductive rule abou 
facts accessible to all persons Furthermore, we are not given the secret 
of how Guthrie might change his present theory of learning if his audience 
of fellow theorists were of a different caliber from whatever he assumes 
it to be today We may agree with Guthrie that the technical level o 
exposition should, for purposes of communication, conform to one’s audi- 
ence, but this is not to say that the substantive aspect of the theory can 
be permitted to change so as to yield an “explanation” for different 
hearers Expositions may differ depending upon the audience, but must be 
mter-relatable if they are to be considered expositions of some common 
theory 

As a third example, the quotation and discussion of section 6(b) raise 
the question for Guthne’s readers of whether psychology is in a singular 
position with respect to the problem of the repeatability of events, or 
whether this is a problem for all sciences If the quotation is intended as 
a general commentary on the problems of measurement m science, then 
psychology is not different from other sciences on this score But if 
Guthrie considers psychology to be alone in this impasse of non-repeat- 
ability, then it is not clear from his writings what the characteristic of 
behavioral data is that marks them off from data m other sciences If 
experimental and theoretical tools were actually available to establish 
that the organism or situation is not the same from trial to trial, then 
pan passu one could study this variability and the factors of which it is 
a function As matters stand, however, Guthrie seems to regard this 
vimabjJjiy ns synonymous with a form of chaos, or unlawfulness in 
nature, he does not hint that variability may have a lawfulness of its 
own as a dependent variable, open to the same scientific analysis as any 
other phenomenon He simply offers this variability (experimental situa- 
tions are never the same, and responses are never alike) as the preventer 
of perfect prediction and control 


Tourthlj , in arguing for the measurement of behavior by movements 
rather than by effects on the environment (or “acts” defined in terms of 
the environment, such as pressing a bar, or taking a right turn m a T 
maze) Guthrie has frequently asserted that prediction is better m the 
case ot raoa ements than m the case of "effects ” But if this is meant as 
an empirical statement, no references to data are given Data such as 
presented m Cats in a Puzzle Box { 27 ) are certainly not relevant to this 
point, since it was a response defined in terms of "effects” that was used 
to trigger the camera (sec discussion, pages 357-358) 

.wi. o’, 'f 1 U ! S c ° n5ldcr Guthne’s attitude toward physiological con- 
, . , ? n<i ™ c ’ couched in physiological terms It is undoubtedly 

m theory can he developed without going outside the 
realm of bchauoral data and constructs, and a clear rationale for this 
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choice is readily statable Guthne, however, deplores physiologizmg (e n 
Thorndike's synaptic nature of learning, Pavlov’s cortical mechanisms’ 
Gestalt theory’s brain fields), mainly on the ground that the assumed 
physiological changes are not “visible ” Thus, he argues that if one were 
to open a person's head, one would not be able to tell whether the indi- 
vidual had previously learned to play the piano Accordingly, he regards 
assumed “cerebral hangovers” (10, p 152) as being unobservable and 
untestable notions, and condemns any attention by learning theorists to 
them Even if one were inclined to regard this criticism as being meta- 
phorically worded (1 e , that Guthne does not intend "visible” to mean 
visible to the naked eye), the fact remains that he holds physiological 
theorizing to be immune to proof or disproof because of this lack of 
visibility The argument, however, fails to distinguish “visibility" (m 
some sense) and testability In the context of such an argument, Guthrie 
is more likely to offer one figure of speech for another (for example, that 
learning may be likened to "setting a switch” rather than to “wearing a 
path” 5, p 419) than he is to attack the logical problems involved 

IT. THE DATA LANGUAGE 

In examining Guthrie’s data language— that is, the pre-tbeorctical 
descnptive and empirical terms in which are couched the observations 
that his theory undertakes to order— it will prove convenient to use 
categories linked to our customary ways of sorting out, or collecting, 
observations and data These are the categories dependent and independ- 
ent variables 


A. Dependent Variables 

1 In Guthrie’s language, “movement” is regarded as the primary 
datum of behavioral science, although in his own experimentation he 
has also used bodily positions and verbal responses os data Movements 
are understood to be coordinated, in a general sense, with contractions of 
muscles, both smooth and striate, and both large and small Included 
among responses are not only movements attended b } visible displace- 
ment of the organism or its parts in space, but aho glandular secretions, 
muscle tonus, simultaneous contraction of antagonistic muscles, and so 
on Guthrie distinguishes repeated!} between movements and act*, the 
latter being movements or classes of movements defined in terms of their 
effects or outcomes (eg, catching a fish, sorting cards, getting to the 
goal box of a mare, pressing a lever) Thus 
The bov sharpen! his pencil, writes in hu bool, mils to the doer, ngnsls a 
companion Tbc«c arc acts not movements Writing cm be done in mam wav , 
"rt, cuher a hand or a foot amt suit be called w ruing VV e .peak of wnl eg on 
the typewriter, which is done bv vc 0 different movements from thoe 
mandJb} a pen Common sen-e doe- the, became we are urns h rormr-d 
more with the results of a movement than with if "tvle or detail (I p _) 
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For Guthrie, such descriptions in terms of effects are teleological, they 
attempt to “connect accomplishment and situation by psychological 
laws” (18, p 22) , and this “without regard to the means by which the 
effects are brought about” (10, p 244) Attempts to predict behavior on 
this basis are bound to be, in his opinion, “inaccurate” and “extremely 
tentative” (18, p 22) They have two limitations “They remain ex* 
tremely tentative because they predict success, and failure is both 
unfortunately common and important Secondly, they fail to attempt to 
predict the movements by which results are accomplished ” (18, pp 
22-23) Some degree of prediction for “acts” is possible only because we 
have some common-sense grasp of the capacities and abilities of the 
species 

In place of such objectionable descriptions, Guthrie feels that we 
must recognize that 

the boy's nerves connect his sense organs with his muscles, not with his 
notebook, the door, or his companion The psychology of learning must there- 
fore first apply to movements and not to accomplishments (18, p 22) 
Punishment and reward are, objectively viewed, stimuli acting on the animal s 
sense organs, and their effect must be mediated through the animal’s nervous 
sj stem and appear in muscular contraction or glandular secretion Since levers 
and loops and mazes are not innervated, the operation of these devices are in. 
cidental to the actual learning which the living animal performs (22 p 7) 

But to use practical achievement, goal attainment, success as the essential 
entenon of learning, and to turn our search for facts to the observation of suc- 
cess and the conditions under which it is attained is analogous to the use of 
money value by the chemist as his chief descriptive term in observing a chemical 
reaction, or the definition by the physicist of work in terms of useful work or 
valuable work All the psychologies which are written in terms of ‘ least effort ' 
or of goal achievement are by that choice rejecting the possibility of developing 
an objcctnc and scientific psychology (22, p 5) 

Consequently, Guthne feels that we should look for the “facts” of 
psj chology in the behavior of the organism rather than in the operation 
of the organism on its environment He writes 

M> first suggestion concemmg the factual basis for learning theory was that we 
gne more attention to the organism itself, and that we recognize that such 
claves of fact as improvement, success and failure, reward and punishment, are 
external and incidental features of learning The mechanism of learning is 
within the organism These external features should be examined only in their 
role as stimuli to scn c e organs (22, p 9) 

If we follow this lead, Guthne feels, wc would not neglect, as do 
effect-learning laws, “the most obvious source of information about the 
belmior of persons, their past histones” (10, p 244) Only if we do 

ie*c ungs- onlj if we studv behavior qua behavior (read “mo\e- 
men ), and changes in behavior, and the circumstances leading to 
changes in behavior— will our understanding of (and prediction and 
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contro 1 of) b e ha vior get beyond the tentative and inaccurate stage. In 
short, Guthrie does not believe that “acts” constitute a proper data 
language from which learning theory can take off. Rather, it is the 
movements that have been learned, while acts are regarded as something 
to be derived or explained in terms of the movements composing them. 

2. Guthrie’s espousal of the movement as the dependent datum leads 
one to inquire how it is (a) defined, and (b) actually observed and 
recorded experimentally. Some comment may be appropriate at this 
point, even if we momentarily digress from the topic of data language 
and anticipate somewhat the next section on Guthrie’s construct system. 
We will return to the matter later, but the digression may be helpful in 
exemplifying the problems faced by an analyst of Guthrie’s system, and 
in indicating how close to the data level lies the first of those problems. 

Responses or movements are viewed as effector activities; thus: “Re- 
sponses, the answers to stimuli, are limited to the contraction of muscles 
or the secretion of glands” (18, p. 20). But this broad generic definition 
is not sufficient for any specific experimental case, since there we need to 
define the response or movement that is being observed, that is, the seg- 
ment selected out of the flow of behavior for recording and study. To 
say that a response is conditioned to the stimuli present at its occur- 
rence (Guthrie’s principle of association by contiguity, which will be 
treated below) , requires elaboration beyond the point of saying that the 
response is muscular activity. Rules must be set up for identifying the 
movement conditioned so that, for one thing, successive occurrences of 
the response may be duly noted. In this connection, there arises a funda- 
mental question: How much must a later response resemble the chosen 
response before we will call it another instance of the same response? 
That is, how and where do we set the limits of the response segment 
Tve are studying? If we insist on identity, Guthrie has clearly indicated 
that he would not expect to observe response repetition; and, if this is 
so, are we not forced back to some conception of the class character of 
a “response”? (Cf. Skinner on the generic nature of the stimulus and re- 
sponse, 36; 37.) Accordingly, in each experimental situation the researcher 
must define the criteria he will accept for granting class membership to 


a response. 

In the Guthrie-Horton cat studies, where photographic recording was 
used, responses (actually, positions) were classified cn the basis of 
recognizability. The two experimenters took as instances of the some 
response" those upon which they could agree by inspection of the pic- 
tures. They write that often they did not agree, or did so with great 
difficulty on many occasions. Thus: 


Horton and I had a very considerable amount of fact-trouble in making our 
observations of our eats. Though we made notes and in a number of cases a 
motion picture record, there was often doubt whether or not a rrqmme of 
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movements of the cat in the box could be reported as substantially the same as 
a previous sequence The statement just made that the major detemuner of the 
animal's act.ons is the present state of action or rest is an interpretation rather 
than a fact It is an interpretation to which we found ourselves compelled, but 
it is not an interpretation to which we could be sure other psychologists wouM 
be forced A large part of the time we could tell at any moment what this 
particular cat would do next Our ability to do so was based on having seen it 
execute the same routine in a previous trial or earlier in the current trial Having 
started any former routine, we could predict its continuance (22, p ) 


Certain questions arise concerning the “recognizability” that figures 
so prominently in the Guthne-Horton work Whether by individual 
human observers or by agreement among observers, recognizability is 
a statistical matter We are dealing here with the problem of the 
observer’s responses which are initiated by stimuli arising from the be- 
havior of the organism under observation Leaving aside the regress 
that, were we able to account for the observer’s behavior, we could 
also account for the organism’s, we must at least accept the fact that 
this introduction of a recognizability criterion confronts us now with 
a new datum, namely the observer’s behavior rather than the cat’s The 
criterion of recognizability means that we are employing human ob- 
servers as the recording instruments in our experiment But we do not 


know to what extent the action of these instruments is a function (nor 


what sort of function) of the phenomenon we are studying (or, more 
exactly in the Guthne-Horton case, of the visual stimuli arising from 
the cats or their pictures) Recording instruments in the form of human 
observers may act in response to many variables which anse from their 
own past histones, their present thresholds, or their momentary state 
as determined by many factors In the present instance, we do not have 
cither adequate data or adequate theory regarding these instruments in 
the situation where Guthrie and Horton are now using them The ade- 
quacy of recording devices in any given instance is a general question 
involving not only fineness of measurement, but adequate understanding 
of the theory and use of the recording device Recourse is often had to 


machine recording in experimental work, but for our present argument 
it is important to keep in mind just what is achieved by this Admittedly, 
the makers or u=ers of machine recorders must “punch into” the machine 
the arbitrary standards which it will follow in tallying or recording 
events, and in this sense the machine, too, must “recognize” instances of 
the same response We may also grant that the use of machines to 
make impartial’’ judgments does not in itself guarantee either increased 
reliability or increased usefulness of the data it records But these are not 
the crucial things II hat one means to achieve in using machines is at 
least a better knowledge of what is being recognized and recorded, what 
he error of observation is, and so on In short, to deal with the data 
adequately, one needs to know what the data are, and what they are 
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depends partly on what gathers them, as Guthrie himself would admit in 
other contexts The point being made is not the humanness or non- 
humanness of the recording device, but our understanding or ignorance 
o the recording device. With the recognizability criterion employed by 
Guthrie and Horton in their cat studies, this problem is an acute one, 
as Guthrie frankly states. The situation is somewhat better in other 
psychophysical situations which also involve human observers, but in 
which some degree of empirical and theoretical knowledge is available 
on stimulus-response relations. 

From the point of view of Guthrie's theory, as opposed to his experi- 
mentation, the foregoing argument may seem n minor powi, But it 
emphasizes a failure to meet the problem of the definition of the de- 
pendent variable in Guthrie’s data language. The theory leads to state- 
ments that the organism will do now what he did the last time in this 
situation, but it gives us no rule by which we measure the “movements” 
on either occasion. Since Guthrie restricts us little on the side of the 
dependent variable it is difficult to define the response for measurement 
purposes without introducing our own restrictions. 


Continuing our digression for a moment, we may consider another 
aspect of the results presented in the Guthrie-Horton work. Cats in a 
Puzzle Box. These studies represent Guthrie’s most recent, and perhaps 


most extensive, experimental work and purport to attack the problem 
of “movement” versus “effect” specification of the response. As indicated 
earlier, the thesis is repeatedly presented that the best way to tell what 
an animal is going to do is to see what he did the last time. The basic 
question involved is that of defining the “doing.” Guthrie rejects any 
“effect” definition of the response as “deflecting the rod.” He holds that 
if the bar deflection leads to a change in stimuli such as would result if 
the animal is permitted to escape from the cage, then the particular set 
of movements of the animal, by virtue of which the stimuli were changed 
(via bar deflection) , would be repeated on succeeding visits to the cage. 
If we now go to the Guthrie and Horton pictures to shed light on these 
two sets of attitudes we find the following: (1) on every trial a picture 
was taken of the animal as the rod was deflected \ (2) although every 
picture taken was associated with a response defined in terms of the 
“effect” of rod deflection, fewer than all were associated with a particular 
movement (or, more exactly, posture), how much less than all being 
dependent upon the observers’ criteria of what they would call the 
“same” posture. But regardless of our criterion of “sameness,” we could 
never have more than 100 per cent of the stances classified as the same. 
Thus by defining the response in terms of position or stance, we can do 
no more then match the replicability of response defined fa terms of 
effect. Once the results arc viewed in this way it becomes obvious that 
Guthrie and Horton have taken a restricted set of pictures. They photo- 
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graphed the set of all positions assumed by their cats at the moment of 
rod deflection, that is, the set of responses defined in terms of stance 
that are included in the set of responses defined in terms of a particular 
effect. This feature of the Guthrie-Horton experiment merely makes it 
possible (for someone who thinks there is any logical need to do so) to 
argue that to the extent that the pictures exhibit stereotyping, to that 
extent they show that responses defined in terms of effect may also be 
homogeneous with respect to position or stance. 

The effect of this restriction in picture taking could be seen more 
clearly in an experiment that required the animal to stand on his hind 
legs and reach out of the upper corner of a cage in order to press a 
button to release the door and take the picture. In this way we further 
restrict the set of possible responses and achieve added stereotypy. On 
the other hand, other experimental situations could be constructed, which 
would reduce stereotypy. In either case, however, what is procured are 
data concerning responses defined in terms of effect. If the present argu- 
ment can be generalized, then it is not obvious that the recording of a 
movement can be logically distinguished from an “effect” specification. 
If this be true then the issue of movement versus effect raised by Guthrie 
may be considered an ephemeral one. 


B. Independent Variables 

The difficulties encountered in Guthrie’s treatment of the response, or 
dependent variable, are paralleled by difficulties with one of his major 
independent variables, namely the stimulus. We shall, however, reserve 
our discussion of this for the section on Guthrie’s construct system, 
rather than anticipate it here as we have done with the above analysis 
of his response variable. In presenting the remainder of Guthrie’s data 
language under the heading of independent variables, we shall simply 
exhibit the terms which fall wholly or in part into the category of data 
terms for him. 


1. For Guthrie, movements or responses are contingent on stimuli, and 
one of the ways in which he uses the word stimulus suggests that it 
is a term in his data language. Thus: “movement, light, sound, pressure, 
skin contact, the contact of various substances with the olfactory mem- 
brane and with the taste papillae, these are what we mean by stimuli” 
.el F ^ . In this connection, Guthrie elsewhere develops the argument 
that these stimuli must be defined in terms of some outstanding detail 
of the continuously changing environment. Such outstanding segments 
of the total situation” must bo selected for recording and for use in 
controlling and predicting behavior. Stimuli, so conceived, must be “ob- 
servable, dcscnbable, and recognizable.” Terms such as movement, light, 
and so on, presumably arc to be defined in the language of physics. 

As wc search Guthncs writings for further specification of the stimu- 
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lus term, we find that other properties are given One added property 
o Btimuh is that the sense organ must respond to the energy change 
-thus; ... the normal occasion for muscular contraction, and hence for 
all that an animal does, is the activation of sensoiy receptors” (22, p 7) 
Stimuli are changes in the v orld order to which sense organs or receptors 
respond by exciting impulses in sensory nerves” (10, pp 27-28) 

Further, as will be discussed in more detail m the following section, 
we find the term stimulus applied not only to the outstanding detail but 
to the totality of events at the time the outstanding detail is being re- 
corded For example, Guthrie asserts that stimuli vary, although the 
experimenter's measurement of it (le, the outstanding detail) may 
remain constant We may not wish to view the stimulus as the outstand- 
ing detail, but rather consider the latter as an indicator of the stimulus 
The stimulus in turn could then refer to the total flow of energy changes 
In this case, however, the term indicator would fall m the data language 
while the term stimulus would clearly be a theoretical concept 

2 We must include as independent variables several other determi- 
nants of behavior than stimuli alone, according to Guthrie’s view These 
others include 
a Species differences Thus 

Observation of living organisms gives very little insight into the details of 
human behavior if it is confined to those traits which hold of all organisms But 
if we patiently observe a species we can offer a great deal of important infor- 
mation concerning what to expect of members of that species The work just 
published by Carpenter (1934) on the behavior and social relations of howling 
monkeys after two years observation of them in Panama makes us familiar with 
many of their ways, just as the work of Tolman and his associates has added to 
our information concerning what to expect of the white rat in a maze (10, p IS) 


b Maturation Thus 

We cannot go the whole distance with Holt (1931) and say that all stimulus- 
response associations are dependent on conditioning Maturation of the nervous 
system appears to be the principal determiner of many classes of acts (10, p 38) 


c Muscle tonus Thus 

In many cases the response is not dependent on any one known original 
stimulus but on a complex situation m winch the most .mportant toturca are 
internal to the animal In a recent monograph Jensen (1932) reports that 
moderately full infants that had just stopped suckling resumed in all cases when 
the mfant was dropped four inches, or when the large toe was pmebed or when 
hair'was pulled Anything which will increase general tonus reinforces the 

^Musdia 1 when ^ey ^contract' stimulate their own sense organs and the resulting 
Muscles wnen co y additional contraction of the muscle itself, as 

impulses are resp muscles Not only contraction, but stretching, and 

well as Sms have th,s effect of addition to the ongmal ten- 

sum 1 of ' " rt 
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beration which tends to increase muscular tonus The mam feature ° ! 

excitement is undoubtedly this general increase of muscle tonus wh.ch tends to 
be self-sustammg through the circular reflexes described and to exaggerate 
reinforce whatever action is taking place (10, pp 105-105) 


Nevertheless, the aforementioned variables seem to be regarded by 
Guthrie as setting up merely parametric problems m the analysis of 
behavior Learning remains the central problem of psychology, an 
learning is to be considered the outcome of stimulus -response association 


HI. CONSTRUCT SYSTEM 

Guthrie has at no time attempted to formalize a theory of learning 
and he does not explicitly set forth his construct system Only by ob- 
serving the ways m which certain terms are manipulated can Guthrie s 
construct content be clarified At first glance, Guthrie’s treatment of 
learning phenomena seems to contain only the terms stimulus, response 
(defined as we have noted earlier, m terms of movements, not effects on 
the environment), and the assumption that once a stimulus and a re- 
sponse occur together the response will tend to occur again on recurrence 
of that stimulus Closer examination reveals, however, that this simplicity 
is only apparent, and that a rather elaborate system of assumptions is 
required in order to cover logically the areas discussed by Guthrie 
An analysis of the use of the terms stimulus and response introduces 
the first complications These terms have not been unambiguously de- 
fined by Guthrie, it is possible, however, to search for a definition im- 
plicit in his usage of them In so doing, we are confronted with several 
concrete usages that seem to imply mutually exclusive definitions As 
we shall see below the failure to anchor the stimulus and response terms 
unambiguously has introduced a flexibility that makes explanation by 
the theory deceivingly simple It is not the simplicity that we are ob- 
jecting to here, but rather the opposite, that, although it looks simple, 
the content of the theory turns out to be quite formidable when made 
explicit and given rigorous statement 
As we have seen, emphasis is put throughout Guthrie’s writings on the 
movements of an organism rather than on the effects of these movements 
upon the environment But what constitutes a movement or a response 
is not made clear Movement as muscular activity could range from 
activities of small muscle groups to broad activities of the muscular 
s> stem, and it is difficult to place Guthrie’s position along this continuum 
A few quotations may illustrate this difficulty “Responses, the answers 
o s imu i, arc limited to the contraction of muscles or the secretion of 
glands In practice, when we actually observe the boy and speak of his 
response to a stimulus situation what we select is usually some outstand- 
ing detail or an inflnitelj complicated total response We can discuss 
actual behavior only by choosing some namcable detail in which wc 
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happen to be forested” (18, p 20) For Guthne, a compheated flow of 

Z. ' * S present ’ and Eome detai1 of thls flow must be selected to 
pecify tlie response But confusion results from his use of the word 
response for the “total response” (the infinitely complex movement pat- 
terns of all muscle groups), as well as for the “outstanding detail” that 
may be used to specify the occurrence or nonoccurrence of the “re- 
sponse ” We find him saying that the process of conditioning mingles 
responses into new combinations, so that presumably the responses are 
enough of a unit that we may speak of combining them, yet we are never 
reassured that the assertion that responses are never the same is not to 
be extended to these units, which would have to be true if the units are 
to be regarded as units 

In view of our earlier discussion of Guthrie's response term m the data 
language section, as well as the added comments above, it is unnecessary 
to elaborate again on this failure to specify the terms response and move- 
ments It is simply a fact that the unit m which responses are to be 
measured is not specified The general tenor of his writings leads one 
to a response specification between the extreme of individual muscles 
and the total complex of muscle activity On the basis of his attacks on 
Gestalt psychology's emphasis on wholes and totalities, Guthrie clearly 
does not mean to define the response in terms of total movement He 
insists on some form of analysis "Actions, like rising from (one's) seat, 
answering a question, or making a mistake in multiplication, we cannot 
do justice to They occur in a total response that is infinitely compheated 
and merges into other responses But total responses have no names and 
no description” (IB, p 22) That it is not Guthrie's intention to specify 
response m terms of individual muscle activity is also clear from his 
repeated emphasis on the observability of both stimulus and response, 
and his recurring use of notions like "compromise responses,” “combina- 


tion of responses,” etc (10, pp 41, 215) 

As will appear later, Guthne actually assumes that all portions of 
the total response that occur are conditioned to all components present 
at the time of the stimulus, and the occurrence or nonoccurrence of cer- 
tain of these portions presumably determines whether we say that a 
"response” has recurred (see above discussion on Guthne-Horton cri- 
terion of response sameness) , so it seems necessary to admit a concept 
of "component of a response ” as an unspecified part of the observed or 
recorded response Any use of such a phrase is an example of what may 
be called the concept of "sub-response ” Certainly, Guthrie's usage would 
suggest that such components have existential properties, perhaps the 
action of smaller muscle groups, etc, and are possibly quantifiable, al- 
though a statement to the effect that "responses are never twice alike” 
would seem to imply a definition of response that defies complete 
measurability Whether or not he regards it as ultimately measurable, 
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the concept of the “sub-response” is frequently encountered by a reader 

of Guthrie. . . 

A second and more heavily emphasized construct m Guthrie s analysis 
of learning appears in his use of the term stimulus. At one time he con- 
siders the stimulus as an observable. 

What ve can observe is the source of light, not the beam that enters our 
subject's pupil; or we hear or record the sound wave that must affect his ear, 
the same wave but on a different section of the wave front; we can see and 
record movements and changes in posture, but the sense organs, that these move- 
ments affect are hidden from direct observation. Movement, light, sound, pres- 
sure, shin contact, the contact of various substances with the olfactory mem- 
brane and with the taste papillae, these aTe what we mean by stimuli (10, p. 29). 

At another time, he places a restriction on the definition by saying that 
stimuli are “changes in the world order to which sense organs or receptors 
respond by exciting impulses in sensory nerves” (10, pp. 27-28). The 
extent to which this is observable in any experimental case is open to 
question. And finally, we find many references to smaller units of stimuli, 
with variations in these smaller units being appealed to in an important 
explanatory way in treating learning data. Thus, we find him saying that 
stimuli in a controlled conditioning experiment are “never the same” and 
“Thousands of stimuli accompany every response” (6, p. 134) . Thus, stim- 
uli are lights, sounds, etc., as conventionally specified and measured ; but 
at the same time they are something of which there are thousands in every 
test situation and which are never repeated in the same pattern. We shall 
reserve the term stimulus for the first usage and refer to the smaller 
units, the number of which is indefinitely large, and the patterns of which 
may never be repeated, as sub-stimuli. The term sub-stimuli has the 
status of a construct, as does the term which designates the total popu- 
lation of these elements. 

Our discussion of the stimulus and response terms in Guthrie’s writings 
may seem labored, but it has important consequences for any analysis 
of Guthrie’s system. The apparent simplicity of Guthrie’s theory rests 
upon a failure to examine the many usages to which a small number of 
terms are put. We have seen already that stimuli and responses play the 
role of constructs as well as measurable variables, and even this observa- 
tion docs not do justice to the complexities. The ease with which the 
concept of sub-stimuli, for example, permits us to talk about different 
areas of data arises, in no small way, from the failure to specify the 
properties of these sub-stimuli and from the tendency to assign them 
properties a posteriori on the basis of the data to be “explained.” 

Thousands of stimuli accompany every response. What combination of these 
mil bring about a repetition? I have in the past suggested that it is a question 
ol their number and their pattern, but I must confess that I have never found 
an> method by which they could be counted, or any rule for selecting effective 
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patterns Consequently I have no rule to offer by which it can be told ,,, «,i 

on D nu7 hether ° r “h f ,? ortam gronp of stauh accompanying a respond will" 
a later occasion be followed by the response (6, pp 134-135) 


Guthrie recognizes the ad hoc nature of the “stimulus pattern,” as shown 
m the above quotation, but this insight has not been used to improve the 
concept One is forced to the conclusion that when time is taken to dis- 
play the implicit assumptions involved in it, the simplicity of Guthrie’s 
theory vanishes 


One possible starting place for a list of Guthrie’s assumptions con- 
°® rnm 8 tlie learning process in his principle of association, which states 
that, "A stimulus pattern that is acting at the time of a response will, 
if it recurs, tend to produce that response” (18, p 23) While it is often 
taken as a point of departure for Guthrie’s theory, because of its fre- 
quent occurrence in his writing, we shall choose not to start with this 
association principle for a number of reasons One is that Guthrie's view 
of the status of this principle is not clear Although association is “as- 
sumed to be the basic event m learning " (IS, p 23), he later in the 
same article says that the "principle amounts to a convention that we 
shall use associated stimuli for the prediction of responses It has no 
provision for measuring the relative effectiveness of different signals or 
the extent of similarity required in the practice and in the test situation” 
(18, p 33) A second, and more important, reason is that the principle 
may easily be nerved as a consequence of certain other assumptions, 
either explicit or implicit, to be found in the theory 2 
A less frequently stated, but more powerful, assumption is to the effect 
that “a stimulus pattern gams its full associative strength on the occasion 
of its first pairing with a response” (18, p 30) If, for example, the fre- 
quency of occurrence of a response is taken as a measure of associative 
strength, we assume that frequency will not change with repeated pres- 
entations of the stimulus in the first sense above, ie, stimulus as a 
measurable experimental variable The assumption, if retained, will sene 
to define, partially at least, and by exclusion, what is meant by a stimu- 
lus pattern Stimulus pattern then comes to mean something that is not 


’In addition to these reasons another objection to using this principle as a starling 
point is that no testable consequences Sow from it Presumably the phraje end to 
produce the response” means that there will be a certain probability that the re- 
sponse will occur if the stimulus pattern recure Stated m this fashion there rs no 
commitment that the probability will increase decrease or show no change It may 
be argued that the point is tru.al because m contest Guthrie obi, ously mplics 
more than he soys K he implies that there will be an increased tendency to pro- 
duce the response Although possibly correct in its interpretation of Guthries men- 
tal content, th,s new would be hard to defend ■, nee m the most estended eiplsna- 
tion Gu thnp has eiven of what he means by tend he leads up to the statement, 

• The principle of conditioning thus stated with the word ‘tend roercl> averts that 
on th ^recurrence of the stimulus pattern we can expect the former repouso, but 
■wjtb what certamt> it does not state ( » P 
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guaranteed to be repeated when the measured and observable stimulus 
is repeated Here we are led back to the view that each stimulus contains 
"thousands of stimuli" (our sub-stimuli) and it is only to the extent that 
we can expect duplication of the original pattern or number of these 
stimuli that we can expect the response to be duplicated 
Some of the assumptions implicit in a Guthnan treatment of con- 
ditioning might take the following form 3 
A A stimulus pattern (sub-stimulus set) is maximally conditioned on 
the occasion of its first pairing with a response 
B The pattern and number of sub-stimuli are assumed to be a func- 
tion of a large number of operations typically found as independent 
variables in experimental work The pattern and number are dependent 
on (a) environmental conditions, 1 e , lights, sounds, and other experi- 
mentally manipulable stimuli, (b) movements and postures of the or- 
ganism — these presumably are the observable correlates of propioceptive 
stimuli The latter assume an important role in Guthrie under the head- 
ing of movement-produced stimuli These stimuli are the conditioners/ 
for example, in delay and trace conditioning, (c) deprivation schedules— 
food, water, and other rhythms are assumed to change the pattern and 
number of “maintaining stimuli”, (d) “emotion-producing” operations— 
certain operations such as using a very intense stimulus, repeatedly pre- 
senting a stimulus which leaves accumulated effects (as in “teasing”) / 
interfering with an activity — these operations serve not only to change 
the pattern of exteroceptive stimuli but also change the pattern of internal 
and maintaining stimuli by producing an emotional state This emotional 
state is eue ot meres&ed tousd& tax&voa sad ames with. it 
stimuli of its own (10, pp 103 ff) 

C The repeated presentation of a stimulus situation under constant 
experimental conditions involves variations in the patterns of sub-stimuli 
(As stated earlier, this variability in the sub-stimulus pattern is said to 
ari^e from our inability to completely control and specify the sub-stimuli 
resulting from the experimentally manipulable stimuli and from the 
movements and postures of the organism ) 

D The tendency for a response to recur is some function of the 
similarity of the patterns of sub stimuli in the conditioning and test 
presentation 

The set of assumptions we have listed is not to be taken as an exhaus- 
tne postulate set, nor is any implication intended that such could be 
nntten on the basis of what Guthne has provided us As a matter of fact, 
if an attempt were made to deduce rigorously any phenomenon in learn- 
ing it would become obvious that still further restrictions would have t° 

c p aced on the ideas presented to this point In some cases these addi- 

Ilecentl}, Vocka (30) has attempted a formal development oi Gutbnan theorj 
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tions are implied by Guthrie’s treatment, but even the implication is 
usually uncertain, or too incomplete to permit the deduction of statements 
that Guthrie believes to follow directly from his principles 
Consider the acquisition of a conditioned response Without making 
some statement about the nature of the variations m the pattern of 
stimuli present on successive applications of the stimulus, it is not 
obvious that acquisition would ever take place In other words, without 
a specification of the kind of sampling of the total possible stimuli, we 
do not guarantee that overlap of sub-stimuli occurs from trial to trial 
For example, our sets of sub-stimuli could be conceived of as being 
conditionally selected, sub-stimuli viewed as sensory events, or modeled 
after them, could easily be conceived as being dependent upon previous 
patterns m such a way as either to secure or to avoid overlap of stimulus 
samples on successive trials The point being stressed is that not all ways 
of conceptualizing the sub-stimulus sets would generate a statement that 
acquisition does occur The fact that Guthrie feels he can handle the 
phenomenon of acquisition, at least its presence or absence, and possibly 
its speed, implies that some particular kinds of sampling of sub-stimuli 


are involved 

When we get to the problem of extinction, new theoretical require- 
ments appear An operation will produce extinction if it insures that the 
conditioned response will not occur when the stimulus is presented When 
coupled with the assumption that behavior is continuous, 1 e , that some 
response always occurs contiguously with the stimulus this mean that 
a new response has been conditioned to the stimulus In short Guthrie 
views extinction as an interference phenomenon, ic that we get one 
response out of our repertoire by learning to give another “ e 

, i, r, rnthrip the best procedures for extinguishing a re 
same stimulus For uutnne, xne ueon y , nthpr 

spouse are those that (1) present the cond,t.oned cue along w,th other 
stimuli for other inhibitory or antagonistic or '^fTesponse 

repeat the signal untrt signal mtens.t.es that do not 

nonoccurrence, or (3) ^ intenslty t o a level at which 

elicit the response and gradua y ^ ^ ^ ^ because o{ thc 
the response would normally frequently created by Guthrie 

graduated extinction The imp be dedu ced merely b> 

and others that eirt.nct.on by >“‘““ ached to the stimulus This 
granting that another resp ^ M assuJD pt 10 n insures only that two 

obviously is not the case > s th , nvo iving the same stimulus) hn\c 

stimulus-response connectio ( strenK ths The question of what mil 
reached their respective “„tcd without benefit of "stimulus for 
happen when the stimul I P ^ remams t o be answered In order 

inhibitory responses, g ’, effective extinguishers, Guthries 
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possibilities present themselves, perhaps the most obvious being Guthne’s 
associative inhibition, or the negative version of assumption A This 
might take the form 

E A stimulus pattern is maximally unconditioned on the occasion of 
its first occurrence that is not followed by the response in question 
An alternative assumption for handling extinction might be in the form 
of a recency postulate, for example 

E x The last response attached to a given stimulus pattern is the only 
response attached to the stimulus pattern 

Parenthetically it may be noted that if we state the postulate in terms 
of greater strength (e g , the last response is always the stronger) , rather 
than m the all-or none fashion used above, we are confronted with 
the problem of compatibility of responses since in this case there is some 
probability of getting both responses or a certainty of getting both 
responses with some ratio of magnitudes 

The stopping point in a list of implicit assumptions for Guthrie will 
depend upon the number of phenomena discussed A few more examples 
will be given to demonstrate that the number of hidden assumptions is 
not small, but no attempt will be made to treat Guthne’s writings ex- 
haustively to this manner At each point to the discussion, a number of 
possible choices for assumptions would each seem reasonable from 
Guthne’s point of view, and in most cases there would be little reason 
for choosing one over the others To select an assumption at each of 
these choice points would be to construct our own theory and not to 
reconstruct Guthrie, since he might or might not agree with our selection 
Wo wish only to illustrate that many additional assumptions are re- 
quired m order to generate statements about data, statements which 
Guthrie probably would regard as flowing obviously from his principle 
of association, or from one or more of our assumptions A-D 
One case in which Guthrie’s discussion of a topic clearly requires an 
added assumption, and even suggests its nature, is that of spontaneous 
rcco\ cry A quote will give the tenor of his discussion 

There remains to be explained the reestablishment of the conditioned response 
after a Iap«=c of time We have a hint toward this explanation in the fact that 
n sudden extraneous and unusual stimulus may cau«e the conditioned response to 
recover its original strength and certamtv It is possible that the inhibiting 
stimuli in this ca<e include the somewhat specific details of posture and en- 
vironment which hold during the process of extinction A sudden interruption 
dtforgaimcs posture and orientation, removes many recently conditioned 
inhibitors and aHows the original posture and conditioners to prevail again 

to, pp ImS-iJ-I) 

This treatment of spontaneous recovery holds that the postures present 
during the first extinction period do not exhaust the supply of internal 
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conditioners, and that an interruption of the extinction process by 
interval of no extinction restores some of the original internal 
+ — nr. C o na in flip rplative imDortance of the 


a time 

interval of no extinction restores some of the original internal condi- 
tioners The question may arise as to the relative importance of the inter- 
ruption and the time interval of no extinction, presumably the atter 
is important since the amount of spontaneous recovery is a function o 
this interval Thus, some assumption about the change of specific pos- 
tures with time would have to be made Of course, the wording of the 
assumption would not have to take the form of c anges wi * 
might be expressed in terms of a change in genera pos ure an 
tion as a function of the amount of intervening ac ivi y, u 
ing activity must then be some stated function of tune The intension 
per se may also be a variable and this too might be stated m 
postural changes The present form of Guthrie could easily incorporate 

Not all of the additions of assumptions are as a “hty may 
given, and an example at the other f reme , 0 ^ ^ type of ex- 
drawn from his discussion of experiments on chang 
penmental reward 

When, in the course of a number of ‘™ Is retdmSs fo'r sunflower 
introduced Readiness for bran mash is now conf d a ^ and for » low 
seed and the two are as ineompa 1 e ^ ^ rat> enc0 imtenng the changed 
pitch on the part of a baseball ca t j, e m0Temen ts with which the 

reward is disappointed, which is on y “ adjusted to the fating of this par 
rat approaches the food arc not ” ( W> p 174) 

“ - ll " ’ - • ■>"***• 

The attempt to define disappoint®' e * a movem ent toward food is 

finality with which one can ju g adjusted to the eating o 

adjusted to the eating of one food ^ jnpatibility of d.ffercn 
another may be questioned Sum^y, „ adinesse s ,n question, and not 
readinesses is an assumption „ aftcr these points are mco 

a statement about observably Finally, ^ ^ detalI questions con- 
porated into theory, we migh . » Is ,t another way of saying 

coming the status of the term confusion^ ^ jg ^ ^ way o 

that something happens to the q ^ 0I ls it more ( th “ 
speaking about incompatibility o P ^ ag a representative sample 

of these? Once again, we do ” ot , tha t other theonsts have band! 
of Guthne, nor do we mean to >mply ^ prcsent lt t0 show that the 

— p arc 

T, sttoUed^pahh, 

stimulus situations that keep 
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goal is reached By a goal we mean the removal of the maintaining 
stimuli responsible for the activity and excitement ” (18, p 59) 
The movements in the puzzle box situation “that attain the goal or that 
remove the maintaining stimuli for activity tend to be preserved from 
unlearning” (18, p 59) Perception, thinking, and other classical topics 
are interpreted as responses But, again, an adequate Guthnan treatment 
of these topics would require additional constructions and assumptions 
in order to be rigorous 

Among the theoretical developments considered m this volume, Guth- 
ne’s is among the least quantitative Formal developments in general 
are non-existent He has not explicitly axiomatized any part of the 
theory, nor have any formal derivations been presented There are in- 
stances in which a statement, or group of statements, is treated as 
following from a particular assumption, where analysis shows this not to 
be the case It is undoubtedly true that many reviews of Guthrie in the 
literature have mistaken incompleteness for simplicity 

Guthrie’s writings suggest a kind of model for the patterning and 
sampling of units conceived variously as environmental (stimulus) or 
sensory events on the one hand, and motor events on the other Pre- 
sumably, this model or one close to it is what Guthrie would apply to the 
sampling of sub-stimuli or sub responses during acquisition, extinction, 
spontaneous recovery, and other phases of conditioning The model has 
not been elaborated by Guthrie, although others (e g , Estes, 1) have 
presented more formal systems using the kind of model suggested by 
Guthne’s work The kind of sampling model suggested by Guthrie is 
illustrated in the following quotation 

This statistical decrease in conditioners with tune which is described by the 
forgetting curve would resemble, to use a frivolous illustration, the decreased 
expenditures of a certain artist whose method of protecting himself from starva 
tion was to change the proceeds of his rare sales into dimes and broadcast these 
about his large and disordered studio The following day dimes were retrieved 
easily in numbers As time went on more and more search was required, though 
he *eldom Tcached such a pass that an afternoon’s search would not yield a 
dune (5, p 422) 

A discussion of Guthne should include some consideration of at least 
two other topics, which arc not unrelated as he treats them first, the 
concept of contiguity, which figures centrally in the theory, and, second, 
the concept of reinforcement, which is prominent m current behaviorism 
and which Guthne has attempted to subsume within his own theory 
At first glance, it would appear that the term "contiguity” m Guthrie’s 
statement of the conditioning principle has the straightforward physical 
meaning of simultaneity or coincidence in time of the conditioned stimu- 
lus (CS) and the respond (R) Thus, Guthrie (8) disputes with Pavlov 
the correctness of regarding the pairing of CS with the unconditioned 



369 


EDWIN R GUTHRIE 

stimulus (US) ns the important consideration m conditioning, arguing 
rather that US simply serves to get out the response and that it is the 
temporal relation between CS and R that is crucial for the emergence 
of the new reflex Again, Guthrie cites his own experimental studies of 
word-association learning as showing that “backward conditioning i 
not as difficult or impo-s.blc as other theorists suppose (ako see 10, 
p 34), arguing rather that response contiguity wi e 
is the important factor * However, any attempt to dealwhtheb; 
directional gradient obtained from CS-VS B 

sanly forces us to a much broader conception of whatit is thatjs 
occurring simultaneously Expenmenta evi ^ence on that 

ditiomng as a function of ("d) CS-VS and 

placing CS at the time of US is larg y, nS-TW interval ranging 

that a temporal gradient exists wit g> 30) 5 depending upon 

from somewhat below 0 5 sec up to J ure in all cases, how- 

the response measured and the conditioning p rather than a t 

ever, the optimal interval 13 ln fl ou ° ccessful backwa rd conditioning is 

simultaneity By Guthrie s ac cou, ^ response which allows con- 
achieved through an assumed p - f d conditioning, on the other 
tiguity between CS and R mlured response to the 

hand, the important consideration i- d moV eroent-produccd 

CS that mediates the ~r.dtt.omng by ^ m account 

stimuli (mps)as new CS Accepting , , al testable consequences, we 
that can be made to have some „ this important 

may still ask the question w y, 0 , conditioning at the point 

factor, there would not be a maxi Blde {or the reaso ns admitted 

of CS-R contiguity with 8™*“* on optimal CS-VS intervals for 
above From the experimental ev wo uld seem a i mos t forced to the 

forward conditioning howeve ‘?, conditioners (in some sense) In any 
assumption that mps are “contiguity” referre o 

event, however, it seems appa b(J constnie d in a literal, physi- 
Guthne’s association P nn “P him as a construct word tips, and 

cal sense, but is rather emp n w ,thout distinction data Irom 

‘Note that Gnthne bnng^ into ^ is M^emg^ot^ditontjon 

experiments tha ‘ °, th stmme ntal Type « "° d conmte nt with his view that 

Ke "doing so ol course hows cent, smly pnncp.c being 

all conditioning is of a docume nt all of our state- 

discussed here , jn the present paper recent or not 

°° ■ 

•It may be h “ been encountered e^toas on ^ . reason 
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consequently contiguity, is another of the response-inferred terms fea- 
tured in Guthrie’s writings. It might perhaps he urged that Guthne 
invents m.p.s. only to emphasize the idea that, in an objective science of 
behavior, conditioning must be conceived as being in relation to real, 
physical, present events, and not to imaginary traces of historical stimuli 
that are now absent; that is to say, that conditioning must involve 
something real here and now. Although one might agree with this po- 
sition, Guthrie’s m.p.s., given their indeterminacy, are no less imaginary 
than other invented trace mechanisms which have been proposed by 
others to bridge the temporal gap between CS and US, or between CS 
and R. The defense of Guthrie on the ground that he is no more vulner- 
able on this score than, say, Hull, suggests two comments. The first is 
that it may be true; the second is that Hull specifically introduces 
similar terms (e.g., afferent neural actions) as construct words and 
attempts, albeit unsuccessfully, to assign them definable and testable 
properties. Thus, the present imperfections of Hull might be ascribed to 
incompleteness or to failure of a defensible effort. Guthrie, on the other 
hand, frequently, and on principle, criticizes the use of such terms par- 
ticularly if they suggest a physiological mechanism such as a trace, and 
asserts that behavior is to be understood, and behavior theories to be 
complete, when a description of behavior and its observable relations to 
stimuli is provided. 

Turning to the concept of reinforcement, we find that learning theories 
have generally treated this concept in two ways. The first considers 
reinforcement as a primitive empirical term defined with reference to 
nn experimental operation and an observed effect upon response strength 
or upon the conditional relation between S and R. Skinner's use of the 
term is of this descriptive or positivistic sort, as seen in his “law of rein- 
forcement” which, though often criticized as circular, is reducible to a 
definition (that the name reinforcement shall be applied to any stimulus 
operation having a specified effect upon R) and an empirical proposition 
(that the class of stimulus operations named as reinforcements is not a 
null class). The second alternative in handling reinforcement is to regard 
descriptive reinforcement as a derived phenomenon, to regard the rein- 
forcing effect of any (empirically demonstrated) operation as being de- 
rivable from some still more primitive or fundamental process (either 
assumed or experimentally demonstrable). This second alternative 5n- 
volvcs asking the analytic question, why is a reinforcement reinforcing, 
or by virtue of what property is a stimulus capable of acting as a rein- 
forcer? This question Hull has attempted to answer by introducing the 
concept of drive (or need) reduction. Guthrie has attempted to answer 
this question by indicating the manner in which reinforcement operations 
change the stimulus and response conditions to which the organism is 
exposed. Guthrie's concept of reinforcement is based upon the change in 
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the stimulus situation following the response, the change serves to protect 
the last S-R bond in that situation, and thereby increases the probabil- 
ity that the same response will be made again when the same stimulus 
situation occurs again The stimulus situation change that follows R 
prevents the possibility of unconditioning S and R by having £ present 
with the organism not in a position to make R again immediate y, lence 
of some other R being made which becomes conditioned to S and which 
displaces the first R by reason of incompatibility Changes in the stimu us 
situation may be made by the experimenter (or his appara us o o 
the occurrence of the response to be conditioned, or may be the result 
the stimulus consequences of the organism s response 1 se , 

Guthrie’s statements on reinforcement are in absoute ” ” 
form, leading one to expect that any and all c h anges “ , , t d on 

ation will strengthen the last S-R bond Nevertheless, to actuaUtand™ 

whether any given change is reinforcing is an empiric 

since he provides no rule for saying how large a change, orv-haUyp^ol 

change, must be made to secure effec ‘’™ ^ ^the change must be inferred 
nection, with the result that the adeq y Guthrie’s reinforce- 

from its effect upon the conditioning lt from 

ment is response-inferred provides us i ^ Skinnerian “rcinforc- 

the positivistic treatment given y stimu l us situation”, Guthrie, 

mg stimulus” is perforce a ch “ ® nothing more and no experiment m 
uncommitted as to details, yab , y conta ,n anything less 1 

which conditioning occurs can reinforcement are contained 

Some implications for both cone epU ^remt ^ ^ ^ ^ 
m a recent experiment by Sc o , dlgcnmma t 1V e and reinforcing 
indicated (or re-emphasized) that m ^ ldentlcs i Subse- 

stimulus functions of Skinner are conclusions that a stimulus 

quent data (e g , 31 , 40 ) also support the ^ ^ stimuIus ltse lf 

can act as a reinforcement for »nj -SR standpoint, there is no 

gives nse to another response f"7 oIIowing an S-R will suffice as 
way of predicting whether an y g '™” re particularly one would have no 
a bond-protecting reinforcem , ® that S will suffice which has a re 
reason to expect the finding that only 


iasuu HU functions of a stimulus as 

"Guthrie does not " f 0.= 

Skmner does but ■*"” *' { latlon orpropos.Uon [« * * urpo!M , of docrip- 

dent clause in the cond .omU F f ^ conditional sort the basis of 

fact Skinner s use of S J dBtinp ,,.hK the *ffere^h 1^ ^ £ AItbo ush del- 
tive clarity (or P u /p effects achieved by “ b Skinner closclj, as ^bca i he 
the different sorts of « e m Guthrie u 0 f S as protecting 

(read reinforcing) p , If thus neglecting the t{ 0 f the response to lh 

reinforcing stimulus 
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spouse conditioned to it One might perhaps intuit that Guthrie might 
use this experimental finding to emphasize once more the role of m p s 
Thus, the response conditioned to the reinforcing S might be thought of 
as a necessary component in the “change in prior stimulus situation” 
which does the protecting of the S-R But if, as we have assumed, 
Guthrie would accept this experiment, then how mps are different 
from other stimuli, why they have special status in conditioning as 
against other stimuli, why or when they are a necessary component of 
a bond-protecting change in prior stimulus situation, and so on with the 
general parameters of the case — none of this information can now, m 
advance of Guthrie’s own discussion of the problem, be extracted or de- 
duced from Guthrie's writings to date for reasons of the same lack of 
specificity which we have noted before 8 The nature of Guthrie’s treat- 
ment of reinforcement emphasizes again the positivistic nature of his 
approach to the problem It appears that his actual treatment is indis- 
tinguishable in the last analysis from Skinner’s 

IV. GENERAL EVALUATION 

An attempt to evaluate Guthrie’s work in the field of behavior theory 
may start with his onentative attitudes, at least to the extent that those 
attitudes actually leave their mark on his system In well- developed 
sciences, a systematist’s expressed philosophy need have little bearing on 
his actual theoretical productions, and m such cases any evaluation of 
his philosophy of science is, from the science’s viewpoint, entirely ad 
hominem Where theoretical developments m a man’s work have not 
progressed far, however, the onentative attitudes of a theorist often fill 
in the gaps in his u ork and are likely to aid an understanding and evalu- 
ation of his u ork This is true of contemporary psychology and behavior 
theorists, Guthne included, so that some comments on his extra-theo- 
retical attitudes seem m order 


•What is involved here is the definition of a “stimulus” a matter of general 
confusion and concern in all sectors of modern behavior theory If Guthne took the 
proximal rather than the distal view of the stimulus— that is, that a stimulus is not 
defined by what the experimenter docs but by the organism’s response, in short, 
that a stimulus is a stimulus only when the organism tells us it is by its response 
to it — if Guthne took that view then the finding that an S must have a response 
made to it if it is to be a reinforcing S, would not create any difficulties on the 
conversational level at least For in that case, Guthrie could still say that a reinforcing 
S is reinforcing because it changes the prior stimulus situation, and the only way it 
! 11 ,RS u, n ?* according to the conditional relation Ilf S, then 
’i 1 1* p0 ^‘f ) f. to f i? d . n <l uota t‘on suggesting such a usage, but it is 
definition of fa? T ?« ICr ^* ut , inc choose such a response-inferred 

t S I, ill? JS i f p, ! e the a,cnce response-inference m his theorj , it 

ML'S ZZXJStifiS'S 5 — 
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A reader of Guthrie certainly emerges with an impression of his liard- 
headedness. This is illustrated by his emphasis on the observable, public, 
non-unique nature of the data that science deals with; by his rejection 
of concepts in rival systems that are not open to test or the possi 1 1 y 
of disproof; by his insistence (c.g., vis-a-vis Gestalt theories) that some 
level of analysis is required in the gathering of data and t e cons ™ lon 
of theory; by some of his criticisms of other systems ™ man s 
which Guthrie describes as being left “buried in thought ; 10, p. 172) 
Furthermore, Guthrie is sensitive to the place of theory in . science, for 
him, it is a central endeavor in any science, and in Eeiera 
sages he expounds this theme as opposed to the mere collection of inde 

P °lt is alfthc more surprising, therefore to see the number ^ variety 
of points at which Guthrie's own work departs from t t d 
sets Among these lapses are the way m which h ' s d " g wh n e 
slips quickly into the in ‘" c " f pTantd o'n observable experimental 

ganism; and, again, the way «f 

guity lacks testability, since, as successive occasions ex- 

indcpendcntly specifying stimulus sim cons idering the use to which 

eept by the recurrence of the response In eoMidenng^ ^ ^ ^ 
the terms stimulus and response are p , ^ that exp iicit definitions 

status of constructs. At the same 1 some imp li c it restrictions on 

of these terms are not availab o addition to the inadequate defi- 

an eventual definition are provi • stimulus and response may 

nition of terms, Guthrie’s usage •**■£ ha^ ^ , g specifcd at aI1 
not be separable; to the extent that m 
it is specified on the basis of the respon^ ^ from the fact that 
These deficiencies probably definitions or has avoided quanti- 

Guthrie has failed to attempt ^ are eDCO untered in other ac- 

tative analysis. Some of these attempt ed to evolve quantitative 

counts of the Guthnan type *ha etc . For example, in the 

statements concerning acquisition,^ , n linns necessary to mediate 


counTiS oi extinction, cw. -*• — — * • ... 

statements concerning acq m assumptions necessary o me 

formulation presented ^ " ‘ j ’ it i on curve have been made expl oit 

quantitative statements ot * c V| s ^ 6ampIes of stimuli have been 
and concepts such as popul re]ated the stimulus term 

formalized. But the accou , nt ^“p^ts, sounds, etc., and burring such 
to physical variables such as "? to remain the difficulty of identifying 

developments there still would seem t ride ^ are coordinated 

the experimental "P" in 1 formal derivation on the response 

with stimulus assumptions in respons e data from others (2). 

ride, that is, derivations £ ° to ^ now the logical or quanti- 

While we do not consider 
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tative adequacy of a theory by applying the standards prevalent at 
the time the original formulations were made, nevertheless, we feel that 
some comment is required concerning the historical setting in which many 
of the contributions discussed and criticized in this book were made. 
Most of the works considered in this and other chapters of this book can 
be considered to have had their beginning in the early 1930’s. By 1935, 
Tolman had written his Purposive Behavior in Animals and Men, 
Guthrie his Psychology of Learning , Hull had published Mind, Mecha- 
nism and Adaptive Behavior, and Knowledge and Purpose as Habit 
Mechanisms , and Skinner had completed a number of experimental 
papers concerned with the bar-pressing situation and had offered his 
discussion of the generic nature of the stimulus and response concepts. 
Lewin’s works had not been extensively translated, but were formulated 
and available in German and had already stimulated work by Hoppe, 
Brown, and others. 

In the setting of the 1930's, many of the arguments in the literature 
sought to argue for a break with certain segments of the history of 
psychology, and, in Guthrie’s case, for the acceptance of behaviorism. 
For such arguments to pass beyond the schools-of-psychology stage re- 
quired that specific experimental situations be discussed and specific 
systematic or theoretical arguments be presented. Guthrie was one of the 
early champions of this cause. He discussed specific cases where he 
thought that a simple contiguity of a stimulus and a response was a 
sufficient principle for the description of the experimental results. 

Perhaps it is unfortunate that Guthrie did not permit his own formu- 
lation to become more specific and exact as the empirical area grew and 
became more rigorously defined (compare 10 and 25) , but the fact that 
his account of conditioning has not become more rigorous seems not to 
have interfered with the continued acceptance of Guthrie as one of the 
prominent learning theorists on the present scene. Since we have at- 
tempted to show that the account is not now, nor has it ever been, 
rigorous enough to handle even first order problems of conditioning 
without considerable elaboration on the part of the interpreter of the 
theory, it may not be amiss to suggest some reasons for the continued 
inclusion of Guthrie’s formulations in the theoretical literature over the 
past twenty years. 

First, Guthrie has unswervingly held to a monistic conception of 
learning, and has never accepted views like those of Skinner or Tolman 
that conditioning may.be of different types. That he had based his 
position on the contiguity principle is almost irrelevant to the separate 
appeal of tus reductionism. To reduce different types of learning to a 
single one is to deal in parsimony, and any effort along this line pos- 
sesses an appeal for the scientist. Guthrie has been practically alone 
among m cm theoreticians in this particular rcductional stand, since 
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he not only applies the same theoretical construct 
ions, ut also asserts that the same experiments 


constructs to all learning eitua- 


o p a 7 asse res tnat the same experimental operations (namely 

itS 1 ” J r! Ved iD aU !earning situations - Ad * d to the 
hfs veL-mn f H neS r t edUCtl0n,sm ' is that of ‘ho apparent simplicity of 
has version of the contiguity principle. As we have seen, the simplicity is 
only superficial, but the very fact that he has striven for a reductions 
solution has helped keep his theory alive. 

Second, Guthrie and his students have always maintained the role of 
shrewd critics of other theories. One recalls, for example, Sheffield and 
o. y s (35) experimental demonstration that a saccharine solution, 

R -nch is non-metabolizable and therefore presumably not “need-reduc- 
jng,” can serve to reinforce a response. Experiments of this sort have 
orced need -reduction theorists to introduce “higher order” drives and 
drive reducers. In a similar vein have been the Guthrian arguments and 
attempted demonstrations that, under suitable conditions, a response 
that is “punished” will persist even though the need-reduction hypoth- 
esis would require the response to cease. 

Third, Guthrie's writings have contained a number of ideas and em- 
phases which other writers either developed independently later, or found 
occasion to employ in their own thinking. Examples are: the movement- 
produced (propioceptive) stimuli to which Guthrie often had recourse, 
and which are now receiving renewed emphasis by others in treating 
avoidance conditioning, and in treating the effects of various reinforce- 
ment schedules in conditioning; the intervening response sequences or 
chains which Guthrie, in his argument against Hull and Robinson, as- 
sumed to mediate delay and trace conditioning, and which are receiving 


renewed emphasis in the analysis of delay-of -reinforcement conditioning. 

And finally, Guthrie’s doctrines have derived some viability from the 
v%ry fact that reinforcement theory has flourished alongside them. This 
is true partly because Guthrie has devoted much critical attention to 
reinforcement theory as a rival, but even more, from the indistinguish- 
ability of the two theories on many counts. We have pointed earlier to 
several similarities, such as their concepts of reinforcement^ and their 
use of the stimulus term. Other examples come to hand quickly: (o) 
In treating escape conditioning, Guthrie holds that the organism passes 
from response to response under the prod of the not-yet-escapcd-stimulus 
until the prescribed response is made which terminates the stimulus (that 
is, changes the prior stimulus situation), thereby insuring that the 
escape response is the last response made in the situation, and increasing 
the probability that it will be made again when the stimulus recurs; 
reinforcement theory, in one form ( c.g . , Skinner), holds that the stimulus 
is noxious and that its termination is (definable as) positive reinforce- 
ment for the terminating response, while in another form (eg., Hull), 
the stimulus is need-inducing and its termination is reinforcing because 
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it is need-reducing (b) Both contiguity theory and reinforcement theory 
handle avoidance conditioning as a special case of escape training {e g , 
32, 34) (c) Reinforcement theory m Hullian hands treats drives as 
having associated stimuli, and phenomena of so-called drive conditioning 
are capable of being treated in this way, contiguity theory considers 
drives as maintaining stimuli, and would interpret the same data in 
similar fashion ( d ) Guthrie accounts for extinction in terms of uncon- 
ditionrag of the response (and conditioning of new responses) to ever- 
mcreasing numbers of the sub-stimuli composing the stimulus popula- 
tion to which the response was originally conditioned, Skinner speaks 
of extinction m terms of stimulus novelty, that is, how much the ex- 
tinction session differs, or comes to differ as it progresses, from the 
stimulus situation prevailing during the penod of reinforcement (38) 
These examples will, perhaps, suffice to make the point Though seeming 
to differ, contiguity and reinforcement theory make equivalent state- 
ments in key areas, and the prosperity of the one necessarily succors 
the other, since the two, with allowance for differences in vocabulary, 
take parallel positions on many problems We do not intend to 
say that contiguity theory and reinforcement theory are identical 
throughout, for this is not so, but the inadequate elaboration of as- 
sumptions and consequences makes contiguity theory indistinguishable 
from reinforcement theory very soon after its introductory propositions 
are voiced and empirical data of minimal complexity are encountered 
Add to these considerations, the existence m both contiguity and re- 
inforcement theory of some inadequately specified, yet basic, terms such 
as drive or stimulus or response or simultaneity, and it may be seen how 
the two types of theories generate explanatory statements which allow, 
with some substitutions in vocabulary, easy passage back and forth 
From one point of view, there is a gam for science in recognizing that 
two theories, commonly regarded as distinct, are really not so, but it 
should at the same time be recognized that the similarities flow from 
not altogether praisew orthy sources In place of a convergence based on 
independent development and maturation of the two theories, we ob- 
serve on logical analysis and repeated applications of the theories to 
empirical data, that it is difficult to distinguish the theories m the first 
instance Be that as it may, it does appear that continued reference to 
Guthrie m contemporary theory may be attributed in part to the pros- 
perity of a rival which enjoys a prominent place in that same contem- 
porary scene 


V. SUMMARY 

?i UW i n ?i? onc , n , lat, ' c attitudes concerning such topics as scientific 
method, the problems confronting psychology as a science of bcha\ior, 
ic ro c o icory in psychology', and the like, ha\e been summarized 
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Comments have been made with respect to some of these attitudes in an 
attempt to explore their content, their explicitness, and the extent to 
which they are reflected in Guthrie’s contributions to learning theory. 

Consideration has been given to the manner in which Guthrie specifies 
the experimental dependent and independent variables in the empirical 
domain to which he addresses himself. Attention has also been given to 
the nature of some of the empirical and theoretical terms employed by 
Guthrie in his discussions of experimental results. Certain important 
similarities between Guthrie and reinforcement theory have been noted 
which raise a question as to whether the two theories are actually dis- 
tinguishable at many points. 

Criticisms of Guthrie seem to cluster around a small number of points, 
in particular, the inadequate definition of key terms and the response- 
inferred character of many of his constructs and explanations. Guthrie’s 
formulation is non-quantitative in development and prediction, and may 
be depicted more as a manner of speaking about experimental results, 
and as a suggestion concerning the general form that learning theory 
should take, than as a finished theory. While the principles of condi- 
tioning which he expands seem to have a parsimony that would be 
desirable in a theoretical formulation of behavior, a closer analysis re- 
veals that this seeming simplicity is deceptive and that a formidable set 
of additional assumptions and constructs are required if his theory' is to 
possess any real applicability to experimental data. In fact , there is 
basis in his writings for saying that Guthrie himself docs not claim to 
have a theory, but rather would agree that his work proffers a few state- 
ments as a springboard for the elaboration of a behavioristic stimulus- 
response theory. 

Finally, several comments were made concerning possible reasons for 
Guthrie's continued prominence over several decades as a learning theo- 
rist. 
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